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INTRODUCTION 


Besides supplying certain specific forms of matter (ash ingredients, 
proteins, lipoids, carbohydrates, vitamines, etc.) essential to the normal 
course of metabolism, the feed of an animal is, so far as we know, the 
sole source of the energy whose transformations constitute the essential 
phenomena of physical life. This energy is contained in the feed as 
chemical energy, and the maximum quantity which any substance can 
furnish for the vital activities by its oxidation in the body is measured 
by its heat of combustion. It rarely, if ever, happens, however, that 
this maximum effect is realized. In practically every case a larger or 
smaller proportion of the chemical energy of the feed escapes unutilized. 
These losses of energy are of two general classes. 

First, a portion of the chemical energy of the feed fails to be trans- 
formed at all, leaving the body as chemical energy in the visible excreta 
and in the combustible gases arising from gastric and intestinal 
fermentations. 

Second, another portion of the chemical energy of the feed is indeed 
transformed, but at ordinary temperatures virtually results merely in a 
superfluous heat production. It is true that the metabolism consequent 
upon feed consumption is not only unavoidable but may be regarded as 
a necessary expenditure of energy for the support of the activities con- 
nected with digestion and assimilation. Nevertheless, from the stand- 
point of the net gain or loss by the organism this portion of the feed 
energy, which ultimately takes the form of heat and escapes from the 
body, must be regarded as a loss. 

The remainder of the chemical energy in the feed, after deducting these 
two classes of losses, has been designated as its net energy value and 
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expresses the net effect of the feed either in causing a storage of chemical 
energy in the form of fat, protein, etc., in the body, or, in the case of a 
submaintenance ration, in diminishing the amount of energy which must 
be supplied by the katabolism of body tissue. 

The investigations of the last 30 years have shown that both the general 
problems of nutrition and the economic questions relating to the feeding 
of domestic animals may be advantageously studied from the standpoint 
of energetics. From this standpoint, it is of importance to determine 
as accurately as may be the losses of energy which feed substances 
undergo in the two ways just mentioned and the resulting net energy 
values. In the following pages are reported the results of a considerable 
number of experiments on cattle carried out at this Institute during the 
years 1902 to 1912, inclusive, in which these losses have been determined 
for certain feeding stuffs.1 These experiments up to the end of 1907 
have been already reported in full (7, 8, 9, 10) ? and it is hoped to discuss 
the details of the later ones in subsequent papers. Here it will be con- 
venient, following a general description of the experiments, to consider: 


I. The losses of chemical energy. 
II. The expenditure of energy consequent upon feed consump- 
tion and its factors. 
III. Net energy values and their computation. 


GENERAL DESCRIPTION OF THE EXPERIMENTS 


The experiments were made with the aid of a respiration calorimeter 
of the Atwater-Rosa type, the essential features of which have already 
been described (3, 4, 7). The apparatus permits a determination of the 
water vapor and carbon dioxid excreted, of the carbon and hydrogen in 
the combustible gases produced, and of the heat given off, but not of the 
oxygen consumed. In addition to the ordinary feeding stuffs analyses of 
feed and excreta, the quantitative collection of the feces and urine and 
the determination of the amounts of carbon, hydrogen, and energy con- 
tained in them were also necessarily involved. The experiments com- 
prised, in all, 76 single feeding periods. Each period covered at least 3 
weeks, of which 11 days or more constituted a preliminary period, while 
the visible excreta were collected for the last 10 days, during which, on 
the seventh and eighth days, the complete balance of matter and energy 
was determined for 48 consecutive hours in the respiration calorimeter.’ 
The accuracy of this instrument was tested by means of numerous alcohol 
checks. The results of 18 such checks (10, p. 217-222) showed that the 





1 In all, over 30 persons have taken a more or less direct part in the respiration trials and in the large 
amount of analytical, clerical, and miscellaneous work involved in the experiments. For obvious reasons, 
it is impossible even to attempt any statement of the exact part taken by individuals or to make acknowl- 
edgments for the specific work done by each person. ‘This is all the more true because the most important 
factor in whatever success the investigation has attained, and one which by its nature is incapable of 
such partition, is the loyalty and zeal which all concerned have shown in the execution of the plan of the 
investigation and in securing the greatest attainable accuracy - aa 

2 Reference is made by number to “ Literature cited,”’ p. 489- 

8 For details regarding the methods employed compare the bulletins of the Bureau of Animal Industry 
already cited (7, 8, 9, 10), especially Bulletin 128 (10), p. 200-216, as well as the detailed descriptions of the 
single experiments contained in that bulletin. 
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values obtained in a single experiment may be regarded as accurate to 
within the following percentages of the amounts determined: Carbon 
dioxid, 0.5; water, 6.0; heat, 1.0. 

A further test of the accuracy of the work is found in a comparison of 
the observed heat production with that computed in the ordinary way 
from the balance of carbon and nitrogen. Comparisons of this sort for 
57 feeding periods up to the end of 1909 (5, 6) showed an average differ- 
ence of 0.4 per cent. The results of the later comparisons reduce this 
difference to 0.3 per cent, or, if the unsatisfactory results of the year 1905 
be omitted, to 0.04 per cent. The total amounts of heat involved are as 


follows: 
76 periods. 68 periods. 





Computed heat production <.5..2505606 6660068500 Calories.. 1, 338,887 1,231, 711 
Observed heat production ......6... cc ceccce ese cccees do.... 1,343,072 1,231,251 
BR RIE stares auch aces acts Sor ure a ead awnareees ae 4, 184 460 
POLQGinge GINCIONCG. 655 ices cc ceececnsstarsdvesancewens oO. 31 0. 04 


While the basis for the computation of the heat production is not alto- 
gether satisfactory, especially in the absence of determinations of the gain 
or loss of glycogen by the animal, nevertheless the general agreement is 
such as apparently to preclude the existence of gross errors. 

FEEDING STUFFS 


The dry matter of the several feeding stuffs used had the following 
average composition, as shown in each case by concordant analyses of 
two or more separate samples taken at the beginning of each experiment 
(Table I). The more important determinations were also repeated upon 
samples taken when the feed was weighed out for each period, and these 
period results form the basis of the computations on subsequent pages. 


TABLE I.—Composition of the dry matter of the feeding stuffs 























Feeding stuff and experi- : Non- Crude Nitrogen- | Ether ae 
ment No. Ash. Protein. protein, | fiber. e...4 | extract. tion per 
gi kilogram. 
Timothy hay: Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Calories. 
BR v5. c0 ue a dees 4. 64 5. 11 0.24} 3892] 49.01 2. 08 4, 554 
BOG ciscivecwcisc) Gay 5. 08 -39 | 3815] 49.51 2. OI 4; 431 
$iiwinsecap Sa 6. 72 - 83 | 33.02 | 51.01 2. 56 4, 516 
ROLE LOCC TREES: 5. OI 6. 90 -24| 31-15 | 54-55 2.15 4; 505 
Red clover hay: 
BGivcicccsndcvccwst “Ceatel aude 1.61 | 31.61 | 44.81 2. 67 4,457 
GOs cdws cesww 6.57 | 11.18 -89 | 28.78] 49.65 2. 93 4, 492 
Mixed hay: 
ON oid tas ota 7.01 Q. 62 1.29 | 33-78 | 46.00 2. 30 4; 396 
Alfalfa hay: 
MOR cc ccccccceceds) =e Bee 2.52 | 31.96] 42.75 I. 51 4, 403 
| Cra ee 12. 09 1. 67 31.70 | 41.86 I. 92 4, 33° 
GIB scctcvscucoxs<t, OG. Saeae 2.86} 30.10] 43. 63 1. 96 4, 368 
Alfalfa meal: 
Bide icccussccccsal (Geadan sae 2.87 | 93.12 | 43.237 1. 85 4; 374 
Maize stover: 
210, tOtBE.. 6252-5) OQ 4. 09 -86| 36.15 | 51.46 I. 30 4; 337 
210, portion eaten| 6. 67 4. 46 -98 | 35-23 | 51.2 ; 
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TABLE I.—Composition of the dry matter of the feeding stuffs—Continued 


Feeding stuff and experi 
ment No. 


Maize meal: 
Cas sesnesncaes 
Bi ricicp cer ok 
Wheat bran: 
WOO. ca cencceets 
Grain mixture No. 


Oo Se 
Grain mixture No. 2: 


17a} 


ER Aree 


RO eee 
Hominy chop: 


» » S eee 





@ Wheat bran, 14.28 per cent 











| 

= : Non- 
Ash. Protein. protein. 
Per cent. | Per cent. | Per cent. 
I. 37 9. 94 48 
1. 62 9. 29 +24 
7. 52 14. 50 - 49 
4.10 | 16.97 3. 43 
4.14 | 17.95 2.22 

2. 78 12. 07 a 
s4 | 23.92 - 54 

| 

2.75 | 933 I. 29 


Crude 
fiber. 


Per cent. 
2. 60 

3. 16 
II. 49 


09 
16 


63 
. 81 


. 3 











, Heat of 
N —_ en-) Ether combus- 
extract. extract. whee 
Per cent. | Per cent. | Calories. 
81. 38 4. 23 4) 431 
80. 64 5: 05 4, 517 
61. 88 4.12 4, 532 
62. 89 6. 52 4, 690 
64. 38 6 35 4, 670 
73-65 | 5:09] 4,604 
72-77 5: 13 4, 617 
72-65 | 885] 4,709 











; maize meal, 42.86 per cent; old process linseed meal, 42.86 per cent. 


b Maize meal, 60 per cent; crushed oats, 30 per cent; old process linseed meal, 10 per cent. 


ANIMALS 


Nine different steers have been used, varying in age from 11 months 
to approximately 60 months at the beginning of the several experiments.’ 
They were either full bloods or high grades of recognized beef breeds, 
with one exception, steer B, which was distinctly of the dairy type and 
of mixed breeding (scrub), Jersey blood apparently predominating. All 
were docile animals and were thoroughly accustomed to the necessary 
handling, to wearing the apparatus for the collection of excreta, and to 


their surroundings in the digestion stall and the calorimeter. 


particulars concerning them are contained in Table IT. 


Further 


TaBLE IL.—Description of the animals used in the experiments 





Animal No. 


D 


itows veka mien eracie 














Nos. of Age at begin- | Average live 
Breed of animal. experiments in} ning ofeach | weight in each 
which used. experiment. experiment. 
Months. Kilograms. 

174 36 408 

Grade Shorthorn...... 179 48 528 
186 60 572 

190 II 274 

Aberdeen Angus...... 200 2: 408 
207 35 510 

190 13 195 

<r ee | 200 25 303 
207 37 380 

Grade Hereford....... 208 9 275 
208 9 167 

Na cart iiottemane 210 21 331 

211 33 449 

pee MGs. icaacansansces 208 9 208 
— WD ci scs-«: scores vgetbiw sib NS 209 21 300 
Full-blood Hereford. .. 21 | 28 379 
Full-blood Shorthorn. . 212 | 20 345 











1 The word “experiment” is here used to designate the work of an entire season, including several feed- 


ing periods. 
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I. LOSSES OF CHEMICAL ENERGY—METABOLIZABLE ENERGY 


The losses of chemical energy occur substantially in the feces and 
urine and in the combustible gases. 

The energy content of the dried feces and urine is readily determined. 
In investigations at this Institute, Braman (16) has shown that the loss 
of energy in the drying of urine may be estimated with a good degree 
of accuracy, the error being insignificant in comparison with the total 
energy of the feed. The possible loss of energy in the drying of the 
feces has not yet been investigated directly, although Fingerling, Kéhler, 
and Reinhardt (18) have observed a loss of carbon, the amount of which 
they do not state. 

The energy content of the combustible gases is not susceptible of 
direct determination, but must be estimated from their chemical com- 
position. The combustible gases which have been actually identified as 
excreted by cattle are methane and hydrogen. All investigations are in 
accord in showing that the former is the chief product of the normal 
fermentations occurring in the digestive tract, but results differ regarding 
the extent to which hydrogen is formed. In our experiments the gases 
were analyzed by passing them over platinized kaolin at a red heat. 
By this method in almost every instance a ratio of C to H slightly greater 
than that in CH, (2.976 to 1) has been found, the average of 57 experi- 
ments reported by the junior author elsewhere (19) being 3.167 to 1, 
with considerable variations in individual cases. We are inclined to 
think that this high figure is due to failure to oxidize the last traces of 
hydrogen in the combustion tube. On the other hand, Markoff (37, 38), 
in his extensive investigations of paunch fermentation in cattle, found 
in nearly every instance a small amount of hydrogen, and Von der Heide, 
Klein, and Zuntz (20), in respiration experiments upon an ox, observed 
a small excretion of hydrogen in two cases out of four. In computing 
the energy losses in the following experiments it has been assumed that 
the combustible gases consisted of CH, (methane), and the computa- 
tions have been based upon the observed quantity of carbon. 

The difference between the chemical energy of the feed and that lost 
in the excreta shows how much of the former is capable of being con- 
verted into other forms in the body, either during the changes which the 
feed undergoes in the digestive tract or in the course of metabolism in 
the tissues. This convertible portion of the feed energy has been given 
various names by different investigators, such as “physiological heat 
value,” ‘“‘fuel value,” “available energy,” etc. Without entering here 
into a discussion of the propriety of these names, we have preferred for 
our present purpose to follow the suggestion made earlier by the senior 
author (2, p. 270) and to designate it as ‘‘metabolizable energy.”’ By 
this term is meant simply the energy capable of transformation in the 
body, with no implications as to the proportion of the energy thus trans- 
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formed which can be utilized by the organism. ‘The heat evolved during 
the methane fermentation, for example, constitutes part of the metab- 
olizable energy as thus defined, although it does not enter into the tissue 
metabolism. 

The determination of the losses of chemical energy from a single feed- 
ing stuff or from a mixed ration is relatively simple, as is illustrated by 
the following example taken from the results on steer B in experiment 
207. 

Computation of losses of chemical energy from a ration 








Energy of feed: Period 2. Period 3. 
PUNY BAY ...cecc.csacs Tapeyy Cale, 12, 618 Cals. 
Grain mixture No. 1......... T2,649Cal8. = 8 8 = sevves 
BU oricts-o ncn Ga oa ea hae sane 25, 026 Cals. 12, 618 Cals. 
Energy of excreta: 
PME cig iena Sia sisvie Gos chat 7,371 Cals. 5, 247 Cals. 
See ee ee 1, 536 Cals. 627 Cals. 
NINDS cassie sd cneasiese 2, 098 Cals. 1,057 Cals. 
BR sc Ohne ckob neous a eea's Radeweaee 11, 005 Cals. 6, 931 Cals. 
Metabolizable energy...........0s0esseeeeee0s0 14,028 Cals. 5, 687 Cals. 


Since concentrates can not be fed alone, the losses of chemical energy 
which they suffer, like their digestibility, must be obtained by means of a 
calculation by difference, which in period 2 of the foregoing example is 
as follows: 


Computation of losses of chemical energy by a concentrate 

















Chemical Chemical energy of excreta. Metaboe 
energy lizable 
of feed. Feces. Urine. Methane. energy. 
Calories. Calories. Calories. Calories. Calories. 

POUR CRUD 556668 60:850000 5 s00.0 0 pee 7,371 I, 536 2, 098 14, O21 
Computed for hay. ..........060505 £2) 477 5) 254 591 I, 003 5, 629 
Grain mixture by difference..... 12, 549 a, 1t7 945 I, 095 8, 392 


Computed in the manner just illustrated, the losses of chemical energy 
per kilogram of dry matter consumed in these experiments and the 
metabolizable energy remaining are shown in Table III, which includes 
also the percentage distribution of the feed energy between the various 
excreta, on the one hand, and the metabolizable energy, on the other.’ 
For convenience, the average results for the metabolizable energy per 
kilogram of dry matter and per kilogram of digestible organic matter are 
brought together in Table IV. 





' In all cases the observed energy of the urine has been corrected to nitrogen equilibrium of the animal 
by adding 7.5 Calories for each gram of nitrogen retained by the animal or subtracting the same amount for 
each gram of body nitrogen lost, the correction being regarded as representing energy of excretory material 
temporarily retained in the body. 
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TABLE III.—Losses of energy and their percentage distribution 


Feeding stuff and 
experiment No. 


Timothy hay: 
¢ 


Average.. 


Red-clover hay: 


Average..! 


Mixed hay: 





| Animal No. 





























































































































Dry matter By | ; 
eaten per | Energy per kilogram of dry = x 
day paw ee y Be Percentage losses. | - 
head. = & a) 
BY | = 
& | 
S; S 
ag : 
: Losses. ee 5 Z 
sia| 8 2 | 2 . 
A] g 3 o | g ag * “ 
A] & s . a er S [Sel g z : 3 
gig 8 8. g Sie] 3 1/38! $1] 8 $ = 
Pela lel sli Si ales 2/518] 8 
<= | 2 = 3 9) - | ed = | 3 Y ht 
8 © EI 5 a|l2siss! s oI S o 
~ 19) 3 & = = | me | wa | AS] I a a 
| Gm. Gm. | Cals. | Cals. Cals. | Cals. Cals. Cals. | 
D-A} 4,483} 356] 4,554] 2,439] 156, 285] 1,674) 3,483] 53-56) 3.44) 6.25) 36.75 
3 #,002]...... 4; 502] 2,209] 164! 309] 1,820] 3,429] 49-06) 3.64 6. 87) 40. 43 
4) 31493].-.... 4, 488} 2,306} 128, 303] 1,751| 3,480} 51-38) 2-86) 6.75) 39.08 
3] 1,774)... .-- 41503] 2,209] 141) 342) 1,811) 3,399} 49-07} 3-14] 7-60) 40. 20 
4| 2,6ro}...... 4, 483} 2,176} 125) 304) 1,878) 3,484) 48-55| 2-79) 6.78) 41.88 
errr 2,470].....-| 41494) 2,225 139 315 sane 3,448) 49-51} 3-09] 7-01) 40.39 
3) 2)647]...... 4510] 2,175} 155) 0314! 1,866 3,597) 48-22] 3-44) 6-97) 41.37 
ny 4)509| 2,250]  153| 301) 1,805) 3,566) 49-91] 3-40] 6.68) go.or 
3] 2,470]...... 41510] 2,092] 168) 326] 1,924) 3,565] 46-39] 3-72) 7-24) 42.65 
4| 3) 80s)...... 4) 509] 2,164} 167] 4312] 1,866) 3,565! 48-00] 3-70] 6.92) 41.38 
Ke eeeiverweue ween 4) 509} 2,170 161 313 atts 3,573| 48-13| 3-57] 6-94! 41-36 
3| 2,974]...... 41509] 1,841] 204) — 368) 2,096) 31457, 40-82! 4-52] 8.17) 46.49 
4] 4)892]...... 4)521| 1,888] 199} 357] 2,077| 31482 41-77] 4-40] 7-90) 45-93 
3} 2,798]...... 4,509] 1,875] 224) 378 2,032| 35378 41-58) 4-97] 8.38) 45.07 
4} 4, 630}...... 4/521] 1,918] 208] 355] 2,040) 31456 42-42) 4-61] 7.84] 45.13 
RT rere Tere 4; 513} 1,880 208} 364) 2,061) 3,443 41-66) 4.61] 8.07) 45.66 
| 
1] 4)459|.-..+- 41450] 1,940} 306] 309) 1,895) 35373, 43-61) 6.87) 6.94) 42.58 
a] 3) 144)...... 4+426| 1,857) 288) 324] 1,957| 31452) 41-95} 6-50) 7-33] 44-22 
een abecensisasees 4) 438) 1,898 297 317 1,926) 3413, 42-77) 6.69) 7-14] 43-40 
TA} 2,933|..+..+- 4,490) 1,842 326 303} 2,019} 3,460 41.03) 7-25) 6.75) 44-97 
2a} 5,025].. 4, 489) 1,817 301 243| 2,129] 3,637) 40-49] 6.72] 5-41| 47-38 
38] 4)139)------ 41478] 1,852] 290) 254] 2,082) 3,578) 41-36) 6.48) 5.68) 46.48 
[rveeeleneees . 4) 486) 1,837 306 267| 2,076) 3,558; 40-95) 6-82] 5-95) 46.28 
| 
1] 6,204|......| 4,400] 2,077] 209] 85 1,829| 3,442 47-20] 4-75] 6.49! 4t- 56 
ae, 4;391| 1,837] 234] 332) 1,990| 3,406 41-83! 5-33] 7-54) 45-30 
a 41390 1,956) 255/345) 1,834) 3294 44-57| 5-80] 7-85) 41.78 
| I 41393; 1,906] 208) 300; 1,979] 31463 43-39] 4-75, 6-82) 45-04 
| 4 4/391| 1,878} 220) 319) 1,974) 31420 42-70) 5- 7°27, 44-97 
5 4390] 1,917] 238) 358, 1,877) 35313 43-68] 5-41) 8.15) 42.76 
wewenlensens 41393] 11929 227) 323, Ty 9T4) 3,390 43-92| 5-17) 7-35 43+ 56 
| | | | 
I) 2,155)... 4)407| 2,124) 244! 262 1,777) 3,529 48.21] 5-54) 5-93 40-32 
| Bi Tp 9OO}. 20005 4)407| 2,186 266, 273 1,682) 3,437 49-61 6.03) 6.17 38-19 
| 4) 4)170)...... 4) 410) 2,043) 231 241 1,895| 3,697 46-33) 5-24) 5-46) 42-97 
| 5] 2,408)...... 4)407| 2,105) 249 276 1,777) 3,518 47- 78) 5-64) 6.26) 40.32 
6} 1, 4%3]...... 4, 406 2,037] 248 281 1,840, 3,528 46.24) 5.63) 6.37 41-76 
4] 41 744).-+-+5 4) 403] 2,184) 233} 218 1,768 3,655 49-61) 5.29) 4-95) 4015 
5] 31099)...... 41407] 2,066) 243] 270 1,828, 3,594 46-90) 5-51) 6.12) 41-47 
6} 2,119)...... 4, 406) 2,013 250} 280 1,863) 3,576 45-69) 5-68) 6.37) 42-26 
4,407! 2,095] 246 262 1,804! 3,567 47-54) 5-58! 5-941 40-94 


MO bes ichisccsbiccces ee 


@ From analyses of individual samples for each period, and therefore differ somewhat from the averages of 


Table I. 


6 Corrected to N equilibrium, using Rubner’s factor, 7.45 Calories per gram N. 
¢ Computed by difference. 
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TABLE III.—Losses of energy and their percentage distribution—Continued 


| | Dry matter 

| eaten per Energy per kilogram of dry 
| day and matter. 
| 


Percentage losses. 
head. 


Feeding stuff and 


experiment No. Losses. | 


| 

| 

| 

eee 7 7 | | 

Alfalfa collie . |Cals. | Cals. 's. | Cals. Lousy Cals. | 
209... ] | 41359} 2,046 8 248) 1,847] 3,652| 46.95] 5.00] 5.69] 42-36 
209.... i 5| 3,562)... | 45328] 1,961 264| 1,859] 3,588] 45-31] 5-63) 6.11| 42-96 

5-6 


I be i 4,328) 2,078 4 281) 1,723 ee, 48. 01 | 5-67] 6. 6. 49 39- 83 


of digestible organic matter. 
Percentage metabolizable. 





Metabolizable per kilogram 


Animal No. 
In urine. 
Metabolizable. 


Concentrates. 


| In urine. 


| 





Average..|.... ad | 08 2,028 : 264| 1,810] 3)570| 46. 75 psa 6. 6.09] 41. 72 
| ie 

H 38 41354) 1,796 ‘ 277| 2,006] 3,550] 41.26] 6.31| 6.37] 46-06 
H | 3| 55320} 4) 338) 1,805 283| 1,980] 3,525] 41-60] 6.23) 6.53] 45-64 
| | 41413] 1,642 299/ 2,181] 3,729] 37-21] 6.58) 6.78) 49-43 

‘ — i——, Lessa 
Average.. | 4) 368) 1,748 8 286, 2,056| 3,601| 40.02] 6.36) 6.55| 47-07 
| 
Alfalfa meal: } 
oz8.... | 6, ace 4,364) 1, 889 : 250 1,973] 3,671) 43. 5.78) 5. 45-19 
Ee 5) se | 45379) 1,897 259] 1,973) 3,646) 43. 3 5. 5-93) 45-04 
gate | 3,15 = | 45379) 1,720 292| 2,091] 35727] 39- . 18) % 47-75 








Average. .| | suns 41374) 1,838 2 267! 2,012] 3,681| 42. 5-891 6. 45-99 
| 

Maize stover: | | 
210 ‘ | | 3: 4) 333| 1,860 335| 1,966 3488] 42.93) 3-96) 7. 74] 45-37 
210.. ‘ 2) 3548|......| 45327) 1,837 36 335| 15970} 31493] 42. 4:27| 775] 45+5% 
G00... ; F 3}. | 4 337) 1 1,867 ‘ 354| 1,921 31369) 43: 4:50| 8. 15| 44-29 


| | 
Average..)....| | | 4) 332! 1,855 8. 341) 1,952] 3,450] 42. 














Maize meal | } | | 
179....- + 3) 3 ; 4 735) 4,360 633 488, 2,798) 3,186) 14. 5 
eer | 3 451| 4,306) = 401 7| 400) 3,392] 3, 716} 





Average. .| A ree ie 363] 517 F 447| 3,095 
4; 526] 38 175] 509} 3,460 
4) 508} | : 372| 3,003 


| ' | | 
Average.. | > 5 5 441| 3,261) 3,877 +74) 3+ 9-75) 72-19 
| 
Wheat bran: | 
365) 2,466) 4,003) 32. 5. 8.04) 54-24 
311} 2,586] 3,982] 31-59) 4.8: 6. 82| 56.74 
332 | 25477] 3951] 32. 5-5 7-28} 54-29 
1,330 71] 340| 2,514] 3,872] 29. . 7-62} 56-35 





eo 1,440 337| 2:51] 3,954) 31- 5-38] 7-44) 55+4t 








} | | | 
2, 608! 1) 792 4; 698) 611; 358] 2 390 39339) 3,946] 13.00) 7 8.30) 71-08 
| 2,631, 4/173) 4,695; 1,051; 288 358) 2,998) 3,974| 22.38) 6.13) 7.63) 63-86 
| 25433) 1,195 4, 097| 639] 385} @ 381] 3,294) 3,923] 13-60! 8.19) 8.11) 70-10 
| 25454] 2,129) 4,695] 1,064] 322] @ 343] 2,966] 3,998] 22.66) 6.86) 7.30] 63-18 





] | 
4,696} 841) 338) 368 3, 149] 3,960} 17-91) 7-20 7-84) 67.05 
| | 
1| 2,935) 1,996) 4,658 951] 316] 397] 2,994) 3,876] 20.42) 6. 78 8. 52| 64. 28 
2) 2,949) 4,759) 4,688) r,019} 294] 342] 3,033] 3,991] 21-73] 6.28} 7-29) 64. 70 
1} 2, 761) 1, 398) 4 658) 1,104) 363 439 25 752| 3,683] 23-71) 7-79) 9-42) 59-08 
2| 2,774) 2,677] 4,688] 791| 353] 409] 3,135] 3,888 16.87} 7-53) 8-72) 66.88 








Average..'....'.. . ' 4,673 966 332 3091 2,978 3,860! 20.68, 7.09 8.48) 63.75 








@ Computed from digestible carbohydrates. 
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| | ‘ge | 
| Dry matter ao 
| eaten per Energy per kilogram of dry cL 9 eee oes s 
4 | day and matter. 28 Percentage losses. oa 
| head. Bo | NY 
| a | 3 
a + 54 |-_—_—_| 3 
Feeding stuff and Peni ae | | $ 
experiment No. | a “nee | i | | Fs 
gielgl| 8 | 2/82 lg 
7 > > +4 N e N . 
pe a & ba ¢ a le 3h a | @ P 3 
sig ro) a : ¥ & el a » | § = a 
| § re) a g = 3 = ~ | 2 | & eo} 7) 
§ i } 5 8 & 3 3) 2 & 3 0; & 
(oie } 8 513] Ee ais | g = a S 
< | m& oe) oe) m | a 5 = Ao = Re ov 
Grain mixture | | | 
No. 2: Ns | Gm. | Gm. | Cals.| Cals. Cals. | Cals. Cals. Cals. | | 
WRG 6 ikecu wks F 1} 1,086) 2,122) 4,607) 1,258} 173) 349} 2,827, 3,887] 27.32 3-75] 7-58 61.36 
208... E 2} 590 1,163 4) 611) 840} 202 442) 3,127, 3,837| 18.22) 4-38) 9.57) 67.83 
208. KR 3; 387) 764) 4,595 gor} 236, 346) 3,112) 3,890] 19.61) 5-14) 7-54) 67.72 
208.... > Cc 2| 731] 1,453) 4,611| 1,246! 192] 463] 2,710! 3,706) 27-03] 4. 16| 10.04! 58.77 
a es Cc 3} §21| 1,018) 4,594} 826) 242 486| 3,038) 3,711) 17-98) 5-28} 10. 58) 66.16 
P|. AR eee eee | reer errr 4,604) 1,014 209 417) 2 64| 3,806) 22.03) 4- 54) 9-06 04.37 
, | | 
ee rr I} 1,462! 3,040) 4,629) 1,312 170 28s| 2,864) 3,979, 28-35) 3- 68} 6.11 61.86 
Cra cvievvcns FE 3) 894| 1,862) 4,605) 1,032 184 327) 3,062] 3,980 22.40} 3-99) 7-10) 66.51 
t MS se c0s venus F 3} 536) 1,112) 4,604) Sox 223 376) 3) 114] 3,896] 19-36) 4-85) 8.16) 67.63 
a | i Se EE EF ees Gees es) ee He ee Seer ow 
i | | | | 
Average..|... + P | ree 4,613} 1,078 193| 329] 3,013] 3; 952] 23-37| 4-17) 7-12] 65-34 
. | | 
Hominy chop: | | | 
er D |} 2| 1,747! 1,764) 4,720) 542 195 490) 3,487) 3,993 11. 43) 4-13} 10. 50] 73-89 
RE Pr D | _ 3] 3/919} 3,949 4,998, 603 167| 371] 3+557| 4,156) 12-83] 3-56) 7.90) 75-71 
BEd 'Rceaisl Sie et Se chal “Ee | Boctiind cit | 
Average..|....|..... eevee Jevsees 4) 709| 73} 181} 433! 31522| 4,075) 12-15] 3-84) 9.20) 74-81 
} | ! | j | 
Alfalfa hay and } } 
grain mixture | | | 
0. 2: e | | 
SOs veniveces E 1) 1,086) 2,122) 4,533] 1,526 195| 318) 2,492] 3,810, 33-69] 4-30] 7.01] 55.00 
iis: wcuvet E 2] §90} 1,163) 4,535] 15247, 214) 380) 2,694) 3,777| 27-50] 4-72) 8.37] 59.4% 
BOB. occ ccncces E 3; 387} 764) 4,532] 1,291, 237] 316) 2,688) 3,824! 28.40] 5-23] 6.98] 59-30 
BR asieduwces Cc 2] 731) 15453) 4,543] 1,536) 208 390 oon 3,687} 33-81) 4-58) 8.61) 53.00 
Ris ivdcinies ¢ 3) §21| 1,018) 4,536 1, 264) 242 406) 2 624) 31 696) 27-86) 5-33) 8.95] 57-86 
| | 
paneer —_ way . | ; 
Average..|....]..... levcvenlececes 4)535| 15373) 219] 362 2,581] 35759] 30-27} 4-83] 7-98) 56.92 
i | | | | 
‘ i ivaicnasivs F 1} 1,462] 3,040] 4,527] 1,540! 189} 275) 2,523] 3,872] 34-67] 4-26 618 54-89 
ey F 2} 894) 1,862} 4,516] 1, 352| 399) 305| 2,660} 3,888} 29.94) 4-40] 6. 74 58.92 
Caxvucnces F 3 536] 1,112| 4,515) I, 259| 25] _ 338) 2,693 3,826] 27-88) 4-99] 7-48) 59-65 
ce } —— 5 omits —— } 
TEV ihe died Habs coezibosanee | 49519 1, 384) oa, a 306 2,625] 3,862) 30.62, 4.51] 6.77) 58-09 
| | 
, 
Mixed hay and } 
maize meal: | | | 
GBB cccceceves > 2) 790| I, 542) 4; 483 897) 189 443| 2/954) 3,701| 20.00) 4-22) 9. 88) 65.90 
ivvcsccicces G 3| 2, 2» 383) 4) 644 45644) 4,408) 1,271) 156 352) 2,689 3» 763| 28. 45| 3-49| 7-88) 60.18 
asia Rect eae 
AVESASE..|..000)e005 Re Oe aoe | 45476] 1,084 " 398| 2,821 3,732) *"y 3-87] 8.89} 63.02 
| | | 
Mixed hay and | | 
hominy chop: | 
ae D 2) 15747] 1, 764) 4, 560 1,261} 209 403} 2,687 775| 27. cs 4-58} 8.84) 58.93 
Gisaciaveuees D 3} 31910} 3,949] 4553] 15 +293} 196 =: M 340) 2,724 38 79) 28.40} 4-30] 7. 47| s9- 83 
Seed) tte ii ee ee ve | 
Average.. eee pineal eee beaks | 45557 1,277) 203) 371| 2,706] 3,827} 28.02) 4-44 8.15) 59-39 
} 1 | 
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TABLE IV.—Average losses of chemical energy—metabolizable energy 





Kind of feed and experiment No. 





BPRS. fis.ticrncsaes wernt 


Red clover hay: 


Average 


Mixed hay: 


i? OCP errr ee a ee ee ee ee ee ee ee 


Average of alfalfa hay and meal 


Maize stover: 


ROR coi ivci ests companies 


Wheat bran: 


BWGENBOS os chcswxnnacatesanns 


Grain mixture No. 2: 


Average 


Hominy chop: 
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Metabolizable energy. 
































" | Losses of 
Gros Siaanies 
energy per | Foal Per kil Per kilo- 
Mogram 0" | kilogram of Coe | gram of di- 
dry matter. fd i 
jr ee | dry atte, | Oe — - 
Calories. | Calories. Calories. Calories. 
4,554 | 2, 880 1,674 3, 483 
4, 494 | 2,679 1, 815 3, 448 
4,509} 2,644 1, 865 3) 573 
4,513 | 2,452 2, 061 3) 443 
4,518 | - 2,664 1, 854 3, 487 
4,438 | ° 2,512 1,926 3) 413 
4, 486 2, 410 2,076 3) 558 
| 4, 462 2, 461 2, OOL 3, 486 
| 4,393 2, 479 1, 914 31 390 
| 4, 407 2, 603 1, 804 3) 567 
| 4, 338 2, 528 1, 810 3» $79 
| 4, 308 2, 312 2, 056 3, 601 
| 4,371 2, 481 1, 890 3) 579 
| 
| 4) 374 2, 362 2, 012 3, 681 
| 4, 372 2,451 I, 92 3, 605 
| 
| 4, 332 2, 380 I, 952 3, 450 
| 
| 4, 366 974 3) 392 3,716 
| 4, 517 1, 256 3, 201 3, 877 
| 4, 442 I, 115 3) 327 3) 797 
| 
| 4, 532 2, O21 2, 511 3,954 
| 4, 696 I, 547 3, 149 3,960 
4, 673 1, 695 2,978 3, 860 
4, 685 I, 621 3, 064 3,910 
4, 604 | I, 640 2, 964 3, 806 
4, 613 I, 600 | 3) O13 3,952 
4, 609 | 1, 620 | 2, 989 3, 879 
| | 
| 4,709} 1,187 | 3, 522 4, 075 
| 











@ Period 4. 
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The results recorded in Table III illustrate the familiar fact that the 
greatest loss of chemical energy, especially in the case of coarse feeds, 
is that in the undigested feed residues of the feces and in the relatively 
small amounts of excretory products which, in the case of cattle, accom- 
panythem. The relative proportions lost in the urine and in the methane 
naturally vary with the composition of the feed, one rich in protein tend- 
ing especially to increase the energy content of the urine, while carbohy- 
drates tend to increase the excretion of methane. 

Of greater interest, however, is the variability of the losses suffered 
by the same feeding stuff in different periods. 


INFLUENCE OF QUANTITY OF FEED CONSUMED ON LOSSES OF CHEMICAL 
ENERGY 


In considering this question it should be borne in mind that the com- 
parisons here reported are in every instance between different amounts of 
the same ration—i. e., they deal with the influence of quantity only and 
do not touch the question of the influence of heavy grain feeding. Fur- 
thermore, they relate to comparatively light feeding, many of the periods 
having been upon submaintenance rations, while the total dry matter 
of the feed seldom reached 18 pounds per 1,000 pounds of live weight. 
The experiments recorded in Table III include 31 cases in which different 
amounts either of a single feeding stuff or of an identical mixed ration 
were consumed by the same animal in two different periods of the same 
experiment, under conditions as nearly uniform as it was possible to 
make them. The results may be most conveniently compared on the 
basis of the percentage distribution of the energy, as shown in the last 
four columns of the table. In the following comparisons the results 
computed by difference for the concentrated feeds are not included. 


LOSSES IN METHANE 


In a single instance (alfalfa hay and grain mixture No. 2 in experiment 
208, steer E, periods 2 and 3) the percentage loss in the methane was 
greater on the heavier of the two rations and in another case (corn stover 
in experiment 210, steer D, periods 1 and 2) the difference was only 
0.01 per cent. In two cases the determinations of methane are believed 
to have been inaccurate. In the remaining 29 cases the percentage 
loss in methane was distinctly greater on the lighter ration, the differ- 
ence ranging from o.11 to 2 per cent and tending, on the whole, to be 
somewhat greater on the mixed rations, with their larger proportion of 
readily soluble carbohydrates, than on those consisting exclusively of 
coarse fodder. In other words, as would be anticipated, the bacterial 
fermentation of the carbohydrates in the digestive tract of cattle pro- 
ceeds to a distinctly greater extent on light than on heavy rations. 


LOSSES IN URINE 


The percentage of the feed energy excreted in the urine was also greater 
on the lighter ration in 28 cases out of 33, the exceptions being two 
experiments on alfalfa hay (experiment 208, steer E, periods 5 and 6, 
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and experiment 212, steer H, periods 1 and 3), two on clover hay (experi- 
ment 179, steer I, periods 1 and 2, and experiment 186, steer I, periods 
2a and 3a), and one on alfalfa meal (experiment 212, steer H, periods 2 
and 4). In the remaining 28 cases there is one in which the difference 
amounts to only 0.02 per cent and two in which it is 0.04 per cent. In 
the remaining 25 it ranges from 0.12 to 0.78 per cent. This greater 
relative loss in the urine on the lighter ration can not be attributed to 
the presence of nitrogenous substances derived from an increased katab- 
olism of body protein, since the energy of the urine has been at least 
approximately corrected to nitrogen equilibrium (p. 440). Since it is well 
established that the urine of cattle contains a considerable quantity of 
nonnitrogenous substances (2, p. 312-314, 320-322), it seems not impos- 
sible that the more extensive fermentation on the lighter ration may 
have resulted in an increase of these unknown constituents. 


LOSSES IN FECES 


The results regarding the losses of chemical energy in the feces are 
by no means so uniform as in the case of the methane and of the urine. 
In 22 out of 33 cases there is a distinctly smaller relative loss of energy 
in the feces with the lighter ration—i. e., a greater apparent digestibilit y— 
the difference in the percentages ranging from 0.28 to 8.45. In the 
other third of the cases, however, the difference is in the opposite direc- 
tion, ranging from 0.37 to 2.74, with the exception of one case of prac- 
tical equality, so that it appears that other factors besides the extent 
of the methane fermentation affected the percentage digestibility. Two 
rather marked cases of a greater loss of energy in the feces on the lighter 
ration are found in experiment 211, periods 4 and 5, with relatively very 
small rations. Whether the relative loss in the feces increases or de- 
creases with an increase of the ration seems to bear no relation to the 
total quantity of feed consumed either per head or per 500 kg. of live 
weight. The to instances in which a greater percentage loss in the 
feces was observed on the lighter of the two rations include, it is true, 
the more extreme rations as regards the total quantity, but the averages 
for the two groups are not widely different (4,376 and 3,952 gm. of dry 
matter). 

PERCENTAGE OF FEED ENERGY METABOLIZABLE 


The bearing of the foregoing facts upon the percentage of the feed 
energy which is metabolizable is obvious. Clearly the fermentation 
which plays so large a réle in the digestive processes of ruminants was 
relatively more intense on the lighter rations, resulting in the breaking 
down of a larger proportion of the carbohydrates and in a greater loss 
of chemical energy in the methane, accompanied in most instances by 
an increased loss in the urine also. On the other hand, however, the 
organic acids resulting from the fermentation are resorbed and oxidized 
in the body, and their energy, together with the heat evolved in the 
fermentation, constitutes part of the metabolizable energy of the feed as 
defined on page 439. Whether the proportion of the total energy of the 
feed which is metabolizable be greater or less on the lighter ration will 
depend, therefore, upon the nature of the additional carbohydrates fer- 
mented. If the increased fermentation attacks the more insoluble 
carbohydrates, which would otherwise escape digestion entirely and 
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reappear in the feces, the result will be a relative increase in the metab- 
olizable energy. On the other hand, if the greater fermentation on 
the lighter rations is at the expense of the more soluble carbohydrates 
which would otherwise be digested by the enzyms of the intestines, the 
metabolizable energy will be diminished by the quantity of chemical 
energy escaping in the methane (and urine). It is perhaps not sur- 
prising, therefore, to find that the effect of the quantity of feed upon the 
percentage of energy metabolizable was somewhat variable. 

In 19 out of 22 cases mentioned in the previous paragraph in which 
the percentage loss of energy in the feces decreased as the amount of 
feed consumed was diminished, the percentage of energy metabolized 
did in fact increase, while in the remaining 3 cases the greater losses in 
methane and urine overbalanced the effect of the increased digestibility. 
In each of the ro instances in which the percentage loss of energy in 
the feces was greater on the lighter rations, the percentage metabolizable 
shows a corresponding decrease, so that of the entire 33 comparisons 
14 show a greater and 19 a less percentage metabolizable on lighter as 
compared with heavier rations. 

On the whole, then, the differences in amount of feed consumed, within 
the limits of these experiments, failed to show any unmistakable effect 
upon the quantity of energy actually liberated in the body from a unit 
weight of feed. Morever, it must be borne in mind that a considerable 
part of the additional energy secured by the more extensive fermenta- 
tion of the lighter ration is liberated in the digestive tract as heat of 
fermentation and does not enter into the energy exchange of the body 
tissues, so that the difference in the net nutritive effect is likely to be 
less than that in the metabolizable energy as ordinarily defined. 


INFLUENCE OF INDIVIDUALITY ON LOSSES OF CHEMICAL ENERGY 


In five of the experiments the same feeding stuff or mixture of feeding 
stuffs was fed to more than one animal, although unfortunately the 
amounts consumed were not the same either per head or in proportion 
to the live weight, so that exact comparisons are not possible. 

In experiments 190, 200, and 207 a pure-bred Shorthorn steer was com- 
pared with a so-called scrub. A comparison of the averages for the 
lighter and the heavier rations of timothy hay, respectively, for the 
three successive years gives the averages shown in Table V, which fail 
to show any distinct individual difference between the two animals. 
The results computed by difference for the wheat bran in experiment 
1go and for the grain mixture No. 1 in experiments 200 and 207 show 
somewhat larger numerical differences, but when the errors incident to 
such calculations by difference are considered they agree with those 
upon hay in showing no material difference between these two animals, 
This point has been discussed from a slightly different standpoint else- 
where (10). 
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TABLE V.—Influence of individuality of cattle on losses of chemical energy 





Loss of energy. 
















































































Character of experiment. - ane _—_ 
In feces. In urine. | In methane. 
Timothy hay (experiments 190, 200, 
and 207): ; ; 
Average of light rations— Per cent. Per cent. Per cent. Per cent. 
Es bce tenlen view ae 46. 03 3. 87 7. 34 42. 76 
PRE edn c'sae ew waldegre cxtrat ane 46. 03 3. 96 7.79 42. 22 
ee ° — .09 — .45 + .54 
Average of heavy rations— 
Sh: Se Ee Ce 47. 69 4,.e¢ 7 ap 41. 65 
NES ic viciennais,iwanasiemenss 46. 32 3. 70 7.18 42. 80 
UU eee + 1.37 — .15 — .07 — 11g 
Average of all rations— 
CS rr er eee 46. 86 3.93 7.22 42. 21 
RB Sa eechisent vie vie isis. Sslelge 46. 18 3- 83 7.49 42. 50 
DOME G 6555505 s:s.cicredioe ne + .68 — .12 — .27 — .29 
Alfalfa hay (experiment 208): 
Average of medium and light ra- 
tions— 
Steer D (periods 1 and 2)....... 48. 91 5. 79 6. 05 39. 25 
Steer E (periods 5 and 6)....... 47. O1 5. 64 6. 31 41. 04 
Steer C (periods 5 and 6)....... 46. 30 5- 60 6. 24 41. 86 
Difference (D—C)..........] + 2.61 + .19 — .19 — 2.61 
Heavy rations—_ a 
Steer E (period 4)............. 46. 33 5. 24 5. 46 42.97 
tear C (GTO 4) oo. cccc cee 49. 61 5. 29 4.95 40. 15 
POROE Gs. cosenvccnmneves — 3.28 — .05 + .51 + 2.82 
Alfalfa hay and grain (experiment 208): 2 
Average of medium and light ra- 
tions— 
Steer E (periods 2 and 3)....... 28. 00 4.98 9. 67 59- 35 
Steer C (periods 2 and 3) ...... 30. 83 4. 96 8. 78 55: 43 
i ee — 2.83 + .02 —1.11 + 3.92 
Mixed hay (experiment 211): 
Steer D (periods 1, 4, and 5).... 44. 53 5. 29 7. 30 42. 88 
Steer G (periods 1, 4, and 5).... 43. 28 5. 05 7. 41 44. 26 
SOE isis po atinaen ee + 1.25 + .24 — .1I — 1.38 





The three animals used in experiment 208 had been subjected to 
different previous treatment, steer D having received almost from birth 
a restricted quantity of feed, steer E a ration ample to support normal 
growth, and steer C as heavy feeding as practicable. 
the medium and light rations of alfalfa hay these animals showed slight 


In the periods on 


differences in their digestive powers in the order named, the average 
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results for the two quantities being as shown in Table V. On the other 
hand, upon the heavy hay ration and also upon the mixed ration of hay 
and grain steer C was distinctly inferior to steer E, losing more chemical 
energy in both methane and feces. This was the most distinct individual 
difference in these experiments. It should perhaps be noted that steer C 
showed a tendency to bloat and to get off feed on heavy rations and possi- 
bly did not have full normal digestive power. In experiment 211 steer D, 
then a year older, on the average of three periods on mixed hay again 
showed a slight inferiority to another animal which presumably had 
received better feeding during growth. 

Clearly individual differences between the animals had no very mate- 
rial influence on the losses of chemical energy in these experiments. 
In most instances the differences are well within the limits of error for 
such determinations, and even in those cases where there seem to be 
distinct individual differences they are comparatively slight, being of 
about the same magnitude as those observed by G. Kiihn (28) and 
rather smaller than those found by Armsby (1) in experiments on three 
steers. 

VARIABILITY OF METABOLIZABLE ENERGY 


The results recorded in Tables III and IV show clearly that the metab- 
olizable energy of a feeding stuff is by no means a constant. Not 
only do the averages for feeding stuffs of the same name differ more or 
less, but the metabolizable energy of the same sample is more or less 
variable in the different periods. 

The losses of chemical energy which a feeding stuff suffers are sub- 
stantially determined by the nature and: extent of the digestive pro- 
cesses. Digestibility, however, especially in ruminants, is a very com- 
plex affair, depending on many factors. Broadly speaking, it may be 
characterized as a series of fermentations, effected in part by a variety 
of organized ferments and in part by enzyms secreted by the digestive 
organs or contained in the feed itself. Changes in the composition of 
the contents of the digestive tract or in the rapidity with which they 
move forward through it can hardly fail to influence in a variety of 
ways the course of these fermentations, and it seems on the whole rather 
surprising that they go forward as uniformly as they do. 

In these experiments they appear to have been affected chiefly by 
the variations in the amount of feed consumed. Recently Zuntz and 
his associates (20, 53) have reported striking instances in which the 
extent of the methane fermentation in particular has been markedly 
affected by the make-up of the rations and especially by the order in 
which the feeds were consumed, while Véltz and his associates (47, 48) 
have laid much stress on the practical importance of these results. 
No such marked differences occurred in our experiments, but, on the 
other hand, the range of feeds was not so wide. It is perhaps too early 
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to judge the full significance of Zuntz’s results, but they should at least 
serve to correct the notion, more or less subconsciously held by not a 
few, of digestion as a perfectly definite process and of a digestion coeffi- 
cient as a sort of chemical constant. On the other hand, however, it 
is easy to overestimate the importance of these variations in the digestive 
process in their bearing upon estimates of the values of feeding stuffs. 
On the whole, they appear to be of far less significance than other factors 
to be considered later. 


ESTIMATION OF METABOLIZABLE ENERGY 
FROM METABOLISM EXPERIMENTS 


The losses of chemical energy in feces and urine are readily determined 
by means of the ordinary metabolism experiment, but the determination 
of the losses in the combustible gases requires special and somewhat 
costly apparatus. A number of experimenters have therefore attempted 
to estimate the amounts of these gases produced, usually from the 
amounts of carbohydrates (crude fiber and nitrogen-free extract) digested, 
using, as a rule, the average factor derived from Kellner’s investigations 
(26, p. 420)—viz, 4.2 parts of CH, per 100 parts of digested carbohydrates. 

Our experiments have yielded somewhat higher figures, as shown in 
Table VI, giving the maximum, minimum, and average results for each 
feeding stuff or mixture. 


TABLE VI.—Quantity of methane per 100 gm. of digestible carbohydrates 





” Quantity of methane. 
coe 
. ber o! 
Feeding stuff. F ry 
jon Maxi- Mini- 
‘| mum. mum. 








Gm. 
Timothy hay 
Clover hay 
Mixed hay 
Alfalfa hay 
Maize stover 





pPeoses 
“NOH AD 


Average 


Maize meal and clover hay 

Wheat bran and timothy hay 

Grain mixture No. 1 and timothy hay 
Grain mixture No. 2 and alfalfa hay 
Maize meal and mixed hay 

Hominy chop and mixed hay 


PHSySS +f 
Nun oo © co 


Average 








Average of author’s experiments 
Average of Kellner’s experiments 


fp 
® CO ~ 














Mar. 25, 1915 Energy Values of Feeding Stuffs for Cattle 451 





While there is a considerable range in the results of individual experi- 
ments, nevertheless an estimate of 4.5 grams of CH, per 100 gm. of 
digested carbohydrates affords a fair basis for an approximate estimate 
of the losses of chemical energy in the combustible gases and for com- 
puting the metabolizable energy of a feeding stuff by means of the ordi- 
nary digestion experiment combined with the collection of the urine 
and a determination of the heats of combustion of the visible excreta. 
The additional labor required for this purpose is so small that it is to 
be hoped that in future digestion experiments it may be undertaken 
whenever possible. 

FROM DIGESTIBLE ORGANIC MATTER 


It is possible also to estimate the average metabolizable energy of 
a feeding stuff from its content of total digestible organic matter, as 
shown by the ordinary feeding tables. 

The differences shown in Tables III and IV between the metaboliz- 
able energy per kilogram of dry matter of the different feeding stuffs 
are due chiefly, as already pointed out, to differences in the proportion 
of the chemical energy carried off in the feces, so that the metaboliz- 
able energy per kilogram of digestible organic matter shows a striking 
degree of uniformity as between different coarse feeds, on one hand, 


and as between different concentrates, on the other, a fact quite in 
harmony with earlier results reported by Kellner (26). Expressing the 
results in therms per kilogram and using for the apparent metabolizable 
energy of Kellner and Kohler’s feeding stuffs the figures computed by 
Armsby (2, p. 301), we obtain the following averages: 


Metabolizable energy per kilogram of digestible organic matter 


COARSE FEEDS 
Armsby and Fries: 
Timothy hay 
Red clover hay 
Mixed hay 3- 39 
PE NE NN NOR 66 8 5-680 tween ELROD EER ONO Re Nae wee eeaneeeeend 3. OI 
Maize stover 


Average 


Kellner and Kohler: 


Average 


78745°—15——2 
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CONCENTRATES 
Armsby and Fries: 
Maize meal 


Average 


Grain mixture No. 1 
Hominy chop 


Average 


Kellner and Kohler: 
Beet molasses 


Tangl (44), Tangl and Weiser (45), and Zaitschek (50) have also deter- 
mined the metabolizable energy of a number of feeding stuffs for cattle, 
the methane being estimated from the amount of digestible carbohydrates, 
with the following results, which are very similar to those just reported: 


Metabolizable energy per kilogram of digestible organic matter: Tangl’s experiments 


Meadow hay 

Ensiled meadow hay 

Hay from irrigated meadows 
Broom-corn millet meal 
2 eS a ee eee rene 


On the other hand, four experiments upon a bull by V6ltz et al. (48), 
in which the production of methane was likewise computed, gave notably 
higher figures, viz: 


Metabolizable energy per kilogram of digestible organic matter: Véltz’s experiments 


Therms. 
Mixed ration (hay, straw, malt sprouts, dried brewers’ grains, and potato flakes). 3. 95 
Dried distillery residue (from potatoes) 
Palm-nut meal 
Beet molasses 


The most important factor influencing the metabolizable energy of the 
digestible organic matter of concentrates seems to be the percentage of 
fat in the feeding stuff, as appears from a comparison of the data con- 
tained in Table I, while feeding stuffs exceptionally high in protein have 
also a high content of metabolizable energy in their digestible matter, as 
in the case of Kellner and Kohler’s wheat gluten. There seems no 
obvious explanation of the exceptionally high results obtained by Véltz, 
but it would seem that for the present, with the ordinary dry feeding 
stuffs or mixtures, the following factors may safely be made the basis 
for computing approximately the metabolizable energy of feeding stuffs 
for cattle when their content of digestible organic matter is known or 
can be estimated. 
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_ Metabolizable energy of feeding stuffs per kilogram of digestible organic matter 


Coarse feeds 
Concentrated feeds: 
With less than 5 per cent of digestible fat 
With more than 5 per cent of digestible fat 
No similar results have been reported on succulent feeds, with the 
exception of ‘Zaitschek’s figure for pumpkins. 


II. EXPENDITURE OF ENERGY CONSEQUENT UPON FEED CONSUMP- 
TION AND ITS FACTORS 


That the consumption of feed tends to increase the metabolism of an 
animal has become a commonplace of physiology. The magnitude of 
the effect varies within rather wide limits according to the chemical and 
physical properties of the feed, while there is still more or less difference 
of opinion as to its causes. Zuntz and his associates have called it 
‘work of digestion”’ and have attributed it largely to increased muscular 
and glandular activity of the digestive and excretory organs. Most 
physiological investigations in this field have been made on carnivora or 
on man, in which the increase of the metabolism is not usually very 
large, except when much protein is consumed. More recent investiga- 
tions on these species appear to have shown that the mechanical work of 
the digestive organs is but a small factor and that the term “ work of 
digestion” is not a fortunate one. With herbivora and especially with 
ruminants, however, the total effect on the metabolism is quantitatively 
very marked, while the mechanical factor is of much greater significance. 
This was early shown by Zuntz and Hagemann (52) in their investiga- 
tions upon the horse. With ruminants the most extensive investiga- 
tions are those made at the Méckern (Germany) Experiment Station by 
G. Kiihn (29) and by Kellner (24, 25, 26, 27). These investigations, 
especially those of Kellner, were directed primarily to the determination 
of the relative values of nutrients and feeding stuffs, but from another 
point of view they constituted also determinations of the energy expendi- 
ture caused by the feed. The main purpose of the experiments here 
reported was to determine the proportion of the feed energy expended 
in the increased metabolism by means of direct measurements of the heat 
evolved, checked by determinations of the respiratory products, the 
relative values of the feeding stuffs being obtained by difference. 


DIFFERENCES IN MUSCULAR ACTIVITY 
INFLUENCE OF STANDING OR LYING UPON METABOLISM 


We have repeatedly called attention to the very striking increase in 
the heat elimination of cattle when standing as compared with that when 
lying and have shown (11), in reply to the criticism of Zuntz, that it is 
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accompanied by a substantially corresponding increase in the gaseous 
excretion. 

Since conclusions regarding the influence of feed consumption on the 
heat production must be drawn from comparisons of two or more periods 
on different amounts of feed, it is obvious that the periods must be made 
as nearly identical in other respects as practicable. It being impossible 
to control the standing and lying of the subject, it became necessary, 
therefore, to attempt a quantitative determination of the influence of 
standing upon the metabolism of the animal as measured by its heat 
production and on this basis to correct the results of each period to some 
uniform ratio of standing to lying. It was natural to suppose that the 
increment of the metabolism during standing was due to the work of 
supporting the body in an upright position, but it soon became evident 
that it was also to a very considerable extent a function of the feed con- 
sumption. 

The apparatus used in these experiments is a flow calorimeter, the 
temperature difference between the ingoing and the outcoming water 
being read every four minutes. Since the hydrothermal equivalent of 
the absorber system and the contained water is only 6 kg., it is possible 
to follow very closely the rate of elimination of heat by radiation and con- 
duction. The results found by the authors (11) show that the heat car- 
ried off as latent heat of water vapor is substantially proportional to that 
eliminated by radiation and conduction. On this basis the average heat 
elimination per minute and for 24 hours during standing and lying has 
been computed for each 48-hour period (or, in experiments 174, 190, 200, 
and 207, from selected uniform intervals). The addition of the necessary 
correction for the gain or loss of matter by the body gives the average 
heat production when standing or lying, respectively, while the difference 
between the two represents the increment due to standing for 24 hours. 
The following example, taken from experiment 179, period 1, in which 
76.65 per cent of the total heat emitted was given off by radiation and 
conduction and 23.35 per cent as latent heat of water vapor, and in which 
the correction for loss of matter by the body was — 127 Calories, may serve 
to illustrate the method. 


Method of computing heat production of cattle when standing or lying 


Standing. Lying. 
Time standing or lying viass score + RUGES., 3,967 I, 113 
Heat emitted by radiation and conduction: 
Total . pathiasbt Baia ke .ceees ess @@lopies.. 12,652 5, 128 
Per minute ........... ++ os sealories., 7.260 4. 607 
Total heat ame computed er 24 ‘hours: 
Standing $s ; Leese 7. 160X1, 440-+0. 7665 —127=13, 324 Calories. 
Lying.. sessccecesccccceesens Ge 607 XI, 440-+-0. 7665—127= 8,528 Calories. 


Difference 4,796 Calories. 
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The differences thus found between the heat production of the animals 
per 24 hours when standing and when lying were as shown in Table VII, 
in which are included for comparison the total dry matter consumed and 
the average live weight of the animal. In order to facilitate a general 
comparison of the results of the several experiments, the influence of the 
differences in live weight has also been eliminated to a degree by comput- 
ing the data of Table V to a uniform body weight of 500 kg., with the 
results shown graphically in figure 1. 
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Fic. 1.—Graph showing the dry matter eaten and the increments of heat production due to standing; 
computed per soo kg. live weight per 24 hours. 

It should be clearly understood that both Table VII and figure 1 show 

the relation of feed consumption to the heat increment during standing, 


computed in the manner just illustrated, and not to the total heat pro- 
duction. 
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TaBLe VII.—Increments of heat production of cattle in- standing 





Increment of heat pro- 
duction per 24 hours. 





| 
| 
| 


..| Dry matter = 
Average live eaten per 


weight. Per kilogram 
| head. Per head of weet 

F of dry 
matter eaten. 


Feeding stuff and experiment. 








TIMOTHY HAY: 
Experiment 174— Kilograms. ; Calories. Calories. 
steer IL (period A)... 00 6600000 387 2,258 8 
Steer I (period B) 2,935 59 
Steer I (period C)..............05. 2,913 } “a 
meeer I (period D),. ......65ss0s0 \ 16 
Steer I (periods D-A) 210 
Experiment 190— | 
Steer A (period 3) 88 
Steer A (period 4) 7 
Steer B (period 3) 
Steer B (period 4) 
Experiment 200— 
Steer A (period 3) 
Steer A (period 4) 
Steer B (period 3) 
Steer B (period 4) 
Experiment 207— 
Steer A (period 3) 
Steer A (period 4) 
Steer B (period 3) 
Steer B (period 4) 
RED CLOVER HAY: 
I-xperiment 179— 
Steer 1 (period 1) 
Steer 1 (period 2) 
Experiment 186 (series a)— 
Steer 1 (period 1) 
Steer 1 (period 3) 
Steer 1 (period 2) 
Steer 1 (periods 2-1) 
Experiment 186 (series b)— 
Steer 1 (period 3) 
Steer 1 (period 2) 
MIXED HAY: 
Experiment 211— 
Steer 1) (SN 2)... . 60s os.00. 
steer D (MeTIOd 4)... 6.66600 ecco 
Steet, D(penod’ 6)... 065.04... 
Steer D (periods 1-5)........... 
Steer G (period 1) 
Steer G (period 4) 
Steer G (period 5) 
Steer G (periods 1-5).......... 
ALFALFA HAY: 
Experiment 208— 
steer Di(period 2)... 6.66.60. 
Steer D (period 2). .......5...5.4 
Steer E (period 4) 
Steer E (period 5) 
Steer E (period 6) 
Steer E (periods 4-6) 
Steer C (period 4) 
Steer C (period 5) 
Steer C (period 6) 
Steer C (periods 4-6) 
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TABLE VII.—Increments of heat production of cattle in standing—Continued 





Increment of heat pro- 
duction per 24 hours. 





Dry matter 
eaten pe 
head. 


Average live 


Feeding stuff and experiment. weight. 


| 
my kilogram 
of increment 
| Per head. of dry 
jmatter eaten. 





ALFALFA HAY—Continued. | 
ag a ) Kilograms. : Calories. Calories. 
eer F (period 4 a1 2, 
Steer F (io 5) 7 mh 1 372 
Steer F (period 6) 1, 768 | } aa" 
Steer F (periods 4-6) | 304 
Experiment 212— 
Steer H (period 1) 
Steer H (period 3) \ 8 
Steer H (period 5) } 3? 
Steer H (periods 1-5) | 192 
ALFALFA MEAL: 
Experiment 212— 
Steer H (period 2) 
Steer H (period 4) 
Steer H (period 6) 
Steer H (periods 2-6) 
MAIZE STOVER: 
Experiment 210o— 
Steer D (period 1).............. 
Steer D (period 2).............. 
Steer D (period 3).............. 
Steer D (periods 1-3)........... 
MAIZE MEAL ADDED TO CLOVER HAY: 
Experiment 179— 
Steer I (period 2) 
Steer I (period 3) 
Steer I (period 4) 
Steer I (periods 4-2).......... ‘ 
WHEAT BRAN ADDED TO TIMOTHY HAY: 
Experiment 190— 
Steer A (period 3) 
Steer A (period 1) 
Steer A (period 2) 
Steer A (periods 2-3) 
Steer B (period 3) 
Steer B (period 1) 
Steer B (period 2) 
Steer B (periods 2-3) 
GRAIN MIXTURE NO. I ADDED TO 
THY HAY: 
Experiment 200— 
Steer A inary i Peasaiasiaias 














Steer A (period 1)..............4 

Steet A (MEMO 2) uns ..5 5 os scenes 421 
Steer A (pets 99)... 5 ices ss cscfesccwccens 
Cea) ,) Aer 296 
Steer B (period 3)... 06.0006] 298 
Steer B (period 2)...............| 310 
Steer B (pevinds 4-3)... sce ccclscccsenws bsivevees cece 


@ Basal ration of coarse fodder only, 
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TaBLE VII.—Increments of heat production of catile in standing—Continued 





Increment of heat pro- 
duction per 24 hours. 





Dry matter 
eaten per 
head. 


Average live 


Feeding stuff and experiment. weight. 


Per kilogram 
' of increment 

Per head. of dry 

matter eaten, 





GRAIN MIXTURE NO, 1 ADDED TO TIMO- 
THy HAY—Continued. 

Experiment 207— Kilograms. Grams. Calories. Calories, 
Steer A (period 3)..............- 42,974 2, 293 
Steer A (period 1)........ 0000005 4; 931 2, 704 \ bo 
steer A (period 2). «2.626.006.0605 a 
Steer A (periods 2-3)............ 610 
meer B (period 3)... ....s0sc000- \ 
pteer B (period 7)... .. 0.600 sss : a 
Steer B (period 2)..........0.+. 86 115 
Steer B (periods 2-3)............ 828 

ALFALFA HAY AND GRAIN MIXTURE 
No. 2: 

Experiment 208— 
meer HO (PEFION F) 0.00.05 05.00:000% 
Steer E (period 2).............. 
steer Ey, (MeTIOd 3)......s0 0000 0050. 
Steer E (periods 1-3)............Je.000 
Steer C (period 2). .........5-5506] 
steer C(period 3).........000008] 

Experiment 209— 

Steer F (period 1) 
Steer F (period 2) 
Steer F (period 3) 
Steer F (periods 1-3) 
MIXED HAY AND MAIZE MEAL: 

Experiment 211— 
steer G (pemod's). s..6.56:.. 00:2... 
steer G (period 3)... «0.56. 00000 

MIXED HAY AND HOMINY CHOP: 

Experiment 211— 

Steer D (period 2)........6.000% 432 
Steer D (period 3) 470 7,859 

















@ Basal ration of coarse fodder only. 


A simple inspection of Table VII suffices to show that the increment of 
heat production in standing can not be due to any large extent to the 
muscular work of supporting the body, since, in the light of Zuntz and 
Hagemann’s (52) experiments on the horse, it must be assumed that this 
would be at least approximately proportional to the weight of the animal, 
while, in fact,in a large majority of cases the difference between the 
periods is very much greater than the corresponding difference in live 
weight. Even on the extreme assumption that in the periods on mini- 
mum rations the heat increment in standing was due exclusively to 
the increased muscular effort, the differences in live weight do not even 
remotely account for the greater increments in the other periods. 
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RELATION TO AMOUNT OF FEED 


In spite of the considerable variations in the individual results and of 
some negative values, it appears clear, both from Table VII and from fig- 
ure 1, especially if the comparisons be made between the smallest and the 
greatest rations, that the effect of the feed in increasing the metabolism 
tended to be distinctly greater during standing than during lying, and 
that, on the whole, the differences tended to be greater with concentrates 
or with mixed rations than with coarse feeds. In other words, the differ- 
ence between the metabolism of the animal when standing and when 
lying was relatively greater on the heavier than on the lighter rations. 

This difference can hardly be ascribed to a greater direct stimulus of 
cell metabolism by the products of digestion. One explanation for it 
might be sought in the fact that the feed was consumed by the animal 
while standing. Experiments by Paechtner (39) and by Dahm (17) on 
cattle and by Ustjanzew (46) on sheep, in which the respiratory exchange 
was determined in short periods, showed that the mastication of 1 kg. 
of hay increased the metabolism of the animal by approximately 60 
Calories. In our experiments this would be equivalent to the production 
during perhaps half an hour after feeding—i. e., at 6 a. m. and 6 p. m.— 
of from 12 to as much as 200 Calories of heat, or twice this amount in 24 
hours, which amounts would be added to the standing metabolism. On 
the other hand, however, according to the same experimenters, the 
rumination of the feed would increase the heat production by, roughly, 
two-thirds as much, and this would constitute to a considerable extent 
an addition to the metabolism of the animal when lying, thus partially 
but not wholly compensating for the addition to the metabolism when 
standing consequent on mastication. 

It would appear, then, that the mastication of the heavier rations would 
tend to increase the ratio of heat production of the animal when standing 
to that when lying. The heat elimination, however, in our experiments 
showed no distinct evidence of such an increase. The rate of heat emis- 
sion per minute while the feed was being eaten showed infrequently a 
slight rise, which was seldom sharp and which was far less than would 
correspond to the presumable increase in the gaseous exchange. In 
many instances no effect upon the heat elimination was observed, but 
rather frequently there was a distinct fa//. Sometimes, although not in 
the majority of cases, a rise was observed after the animal had finished 
eating. The animal was watered after the 6 a. m. feeding. Sometimes 
no perceptible change in the rate of heat emission resulted, but not infre- 
quently a fall was observed, which was occasionally considerable. It can 
hardly be doubted that there must have been an increased production of 
heat during mastication, but apparently this heat was not given off 
promptly. Part of it at least, it may be conjectured, was applied to warm 
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the ingesta, especially the water, being eliminated only gradually during 
the succeeding 12 hours and in part during the periods of lying as well 
as of standing. It does not seem probable, therefore, that the heat pro- 
duced in the mastication of the feed was an important factor in causing 
the differences between the heat elimination of the animals when standing 
or lying which were observed in these experiments. 

Another plausible suggestion seems to be a tendency of the animals 
to greater restlessness and muscular activity in the standing position 
when consuming the heavier rations. We are not able to submit direct 
records to prove this, but indirect evidence is afforded by the fact that 
the animals as a rule (31 cases out of 40) changed from the lying to the 
standing position, and vice versa, more frequently on the heavier rations. 
No such distinct effect was noticeable on the percentage of time spent 
standing, it being greater in 22 cases and less in 19 on the heavier as 
compared with the lighter rations and showing a considerable degree of 
constancy in the individual animal. 


INDIVIDUAL DIFFERENCES 


In those cases where comparisons between different animals are possible 
the average results, especially those obtained by comparing the maximum 
and minimum rations, seem to indicate the existence of distinct individual 
differences between different animals in this respect. 

The most noticeable case of this sort is that of animals A and B, in 
experiments 190, 200, and 207, steer A being a typical beef animal, 
while B, although of mixed blood (scrub), was quite distinctly of the 
dairy type and of a more nervous temperament. In five cases out of six 
the heat increment due to standing was greater with steer B than with 
steer A, the average of all the results being 39 per cent higher for the 
former, as the following summary shows: 


Heat increments in Calories per kilogram of dry matter due to standing 


Feed. Steer A. Steer B. 
—88 148 

PDO cs sticce om siiig ais aid San ao gaia R A eoaN ne CaO N me Ce Sawn { 442 346 
628 

Timothy hay and wheat bran Rea eer 200 
642 


Timothy hay and grain mixture No. 1 828 


Average... 465 


A similar instance is afforded in experiments 208 and 209 by the ani- 
mals C, E,and F. Steer C had received almost from birth as heavy feed- 
ing as practicable, while E and F had received the same feeds in quantities 
sufficient to insure normal growth but not to cause any material fattening. 
The heat increments per kilogram of dry matter of feed were as follows: 
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Heat increments in Calories per kilogram of dry matter due to standing 


Feed. Steer C. Steer E. 
OR Nd athe nceaeevedur vse est ra ERO CKURTR CORRE RG 118 230 
110 


170 
INFLUENCE OF BULK OF RATION 


It seems worth while to call attention also to three cases which suggest 
that the bulk of the ration may be a factor in determining the difference 
between the metabolism of the animals when stamding and lying. In 
period 3 of experiments 208 and 209 steers C, E, and F received a light 
ration, two-thirds of which consisted of grain—i. e., a ration of small 
bulk—and on this light ration they showed a distinctly greater incre- 
ment of metabolism during standing than upon one considerably heavier. 
It seems at least a plausible suggestion that the deficient bulk may have 
caused a greater degree of restlessness in period 3 and consequently an 
increased metabolism. 


CORRECTION TO UNIFORM STANDING 


Since standing or lying exerts such a marked influence on the heat pro- 
duction of animals, it is evident that a correction for this influence must 
be made before the results of the heat determinations can be regarded as 
comparable, since, notwithstanding the uniformity of external conditions 
striven after, the proportion of time spent standing or lying, respectively, 
varied more or less. As already pointed out this does not seem to have 
been related to the quantity of feed consumed, the difference having been 
practically as often in one direction as in the other. The stimulating 
effect, if such there were, seems to have expressed itself in more frequent 
changes of posture and a greater intensity of metabolism while standing 
rather than in more prolonged standing. The percentage of time spent 
standing appears to be largely a matter of individuality, whatever that 
convenient term may really signify. If we compare the results in this 
respect in the several periods, irrespective of the amount and kind of 
feed, it appears that, with a few exceptions, they show, on the whole, a 
rather marked degree of uniformity in the individual animal. This is 
especially true if experiment 190 be excepted, in which the animals were 
only about 12 months old. The data are contained in Table VIII, the 
averages in each case being computed, excepting the bracketed numbers. 
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TABLE VIII.—Percentage of time spent standing 
| : | Percent- | | : Percent- 
Animal and experiment No. | — Pi | Animal and experiment No. | — ieee 
standing. | standing. 
(CE: nana: en || Daal 
ie | 
Steer I: | | Steer C: | 
A 57 || : [60] 
174 3 68 | 3 42 
rr en tce ee C + ROG fends crpaans 4 47 
D 60 || 5 41 
I 6r || 6 42 
2 6 } igen le 
Le eee 3 50 | Average..... pein 43 
4 Fg | Steer D: f 
1a 87] || I 32 
PBB. fia veinoaaens 2a | 68 |! 208...... \ 2 30 
jal 6 I [53] 
—— BI. 5. enews 2 38 
| ee! ae 65 . 36 
| | I 30 
f tb | 100 | 2 40 
oo AN eee 2b 81 Be fn cis ato ureeonies 3 24 
3b | 73 | 4 36 
| —— | 5 40 
ee Sera 85 || memntieas 
| | Average... ..|..-...+5] 34 
Steer A: | | | Steer E: . | 30 
— | 2 27 
ee ese ee an i} | 
1 8) Miemcaam & 39 
4 | 81 || | : - 
ae TT z 
| | | 79 |i 6 e _[s6] 
| Avetepe..¢..4|iicdiesis 36 
r 52 | : 
eo 28 | Steer F: | 
a as ls OAR 3 | 7 HT | I 27 
< o/ | " 
4} 51 | | , 33 
I | 50 || ies stank tasemeate i 
2 | i | —_ | 4 34 
OE 
3 46 | | 5 33 
4 | 49 | | Savalas 
‘ imamate || Average. ....)........ 34 
Average ae 
, *° | Steer G: 
: | I 40 
Steer B: | 2 42 
| e 65 | BOR stale cananeaee ca [28] 
gf EE ere | e4 40 4 35 
: 2) @ 5| 30 
it 4} 28 —" 
| I 47 |i EE Pea 37 
200. e.ecsccsseeH 2] 45. Steer H: | | 
3 57 |] 
L 3) [ 3) 4 
Y. | 2 | 40 
I 48 | | 
| 3 | [29] 
2 46 212. al 
207 eal a 43 | 4 | 38 
(| = | ‘i - e 
ae..2 | 5 ee 
Ca once te 46 Oe ne 8 
5 § | | 3 
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In view of this general uniformity, only a comparatively small cor- 
rection would be necessary in most instances to make the results on an 
individual animal comparable as regards standing and lying. When, 
however, it is desired to compare the results obtained with different 
individuals so as to get a general average, it is clear that the animal 
which tends to stand most is at a disadvantage and will show a lower 
net energy value for the same ration not because his feed is any poorer 
but because the animal is a less efficient converter and that the greater 
the stimulus to metabolism exerted by standing the greater will this 
difference become. It is necessary, therefore, to correct the results 
upon heat production as well as possible to a uniform proportion of 
standing and lying, so as to render the results applicable to an (assumed) 
average animal. According to Table VIII the average percentage of 
time spent standing was 43. In correcting the results, however, we have 
used 50 per cent as the standard for convenience in calculation—that is, 
we have taken as the corrected heat production the average of that 
standing and lying, computed as shown on page 454 for the entire 48 
hours." 

OTHER FORMS OF MUSCULAR ACTIVITY 

According to our interpretation of our results, the material increase in 
the heat production of an animal when standing as compared with that when 
lying is simply an instance of the well-known influence of muscular exer- 
tion upon metabolism. Recent investigators, notably Schlossmann and 
Murschhauser (42, 43) and Benedict and Talbot (14, 15) in experiments 
upon infants, and Benedict and Homans (12, 13) in similar trials with 
dogs, have emphasized the disturbing influence of this factor upon com- 
parisons of different periods. Benedict and his associates, in particular, 
have devised ingenious methods for determining the degree of muscular 
activity of a subject and have insisted that only periods of minimum 
activity can be safely compared. 

We have not yet had the courage to attempt to apply to an animal 
weighing 1,000 or 1,200 pounds methods like those which have been used 
so successfully for infants and small dogs, either for the indication of 
minor movements or for the determination of the pulse rate. It seems 
likely that the latter, in particular, might be of considerable aid in the 
interpretation of the results if it should prove possible to devise a form 
of apparatus which would not be injured by the movements of a heavy 
animal. 





1 This method of correcting the results assumes that the relative intensity of the metabolism of the ani- 
mal when standing or lying is not affected by the proportion of time spent standing. It might be imagined, 
however, that in a comparatively long period of standing the original stimulus to incidental muscular 
movements might gradually fade out, so that the average difference in the rate of metabolism in the two 
positions would be less for long than for short periods. In this case our method of correcting the results 
would be more or less erroneous. ‘This possibility can be tested to a certain extent by comparing with 
each other the two single days of each period. Out of the 64 possiblecomparisons, that oneof the two days 
in which the lesser percentage of time was spent standing showed a greater increment of standing over 
lying in 26 cases and a less increment in 37 cases. On the average of the 64 days of maximum standing 
the percentage of time spent standing was 51.9 and on the 64 days of minimum standing 43.5, while the 
corresponding average percentage increases in metabolism during standing were, respectively, 41.98 and 
41.67. It does not appear, therefore, that within the range of theseexperiments the ratio of the metabolism 
when standing to that when lying was materially affected by the proportion of time spent standing. 
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In considering, however, the weight to be attached to the influence of 
variations in the muscular activity of the animal, and the degree of 
refinement necessary in experimental methods, it is important not to 
forget the main purpose of the experiments. This purpose was, as 
already explained, substantially an economic one—viz, to determine how 
much of the energy supplied in metabolizable form by the feed is, under 
ordinary conditions, dissipated through the heat production caused 
directly or indirectly by the ingestion of the feed and what proportion of 
it remains available for the physiological uses of the body. From this 
point of view it is immaterial whether the increased heat production is 
caused by ‘‘work of digestion” in the narrower sense, by the stimulating 
effect of the resorbed products of digestion upon the cell metabolism 
shown by the investigations of Lusk (31, 32, 33, 34, 35, 36, 49), or indi- 
rectly by giving rise to increased activity of the voluntary muscles. 
While it is of interest and value to learn as much as possible of the rela- 
tive importance of these factors, nevertheless they are ‘all in the day’s 
work,” and from the economic viewpoint their aggregate constitutes the 
increased energy expenditure consequent upon feed consumption. Even 
if it were practicable to base comparisons upon periods of minimum 
activity the results, however interesting physiologically, would include 
only a part of the effects which the feed actually exerts upon the metab- 
olism. If the feed causes greater restlessness in the animal while stand- 
ing or causes it to get up and to lie down more frequently, this gives rise, 
under the conditions of practice, to just as real losses of energy as does the 
increase of the general cell metabolism when in the lying position and 
from the economic point of view must be taken into account. What is 
needed is a comparison of periods of average rather than of minimum 
muscular activity and the correction to 12 hours of standing aims to 
reduce conditions to such an average (assumed) as regards this very 
important factor. 

Of course, however, the possibility of variations in other forms of 
muscular activity, arising from differences in external conditions other 
than the feed, has to be reckoned with. Naturally the endeavor has 
been to make those conditions as nearly uniform as possible. The feed- 
ing was identical from day to day during the three weeks of each period 
and was given at the same hours. The surroundings during the days 
spent outside the calorimeter were uniform, and the animals were handled 
by the same attendants. 

During the days in the calorimeter even greater uniformity of condi- 
tions existed. The temperature varied only a few hundredths of a 
degree, the triple walls of the apparatus practically shut off all external 
sounds except the slight monotonous click of the meter pump, while in 
the comparatively dim interior the change outside from daylight to arti- 
ficial light could not have been very noticeable. Visitors were not ad- 
mitted during the runs. “As already stated, all the animals were docile 
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and accustomed to being handled, to the wearing of the apparatus for the 
collection of excreta, and to the presence of the observers. 

Some idea as to the extent to which these precautions were successful 
may be formed from a comparison of the quantities of heat produced after 
correction to 12 hours standing on the two successive days of each 48-hour 
calorimeter run. The first half of Table [X shows the corrected heat pro- 
duction on the first and second days of each run and likewise the mean, 
computed in the manner illustrated on page 454 for the entire 48 hours.* 


TABLE IX.—Heat production per day and per head corrected to 12 hours standing 















































| ; 7 : | on ” 
| setae 4 produc- Analysis of heat production. 
Feeding stuff ont experi- Animal Period =a “ae _ ] am 
t Yo. ’ ha ising | CH 
a - “ First | Second | 48-hour | mage ro fer Rd 
= | ow eee 
: pon a 
Timothy hay: Cals. | Cals. | Cals. | Cals. | Cals. | Cals. | Cals. 
(1 | A. | 8,788] 9,316] 9,049] 1,112) a7] 448) 7,472 
174 I B | 9899] 9; 565] 9 769) 1,450) 18) 570) 7,731 
Re ey ae ge eae I C_|1o, 309/10, 723/10, 562) 1,440 17| 626) 8, 479 
I D |r1, 013|11, 130/11, 149} 1, 437 27; 864] 8, 821 
A 3. | 5,709] 5, 532 $; 63 30 1, 091 12| 282| 4,251 
190 A 4 |?7, 535] © 545] 6,709] 1,023] 15) 481! 5, 190 
Pope Se al B 3 4,985] 4, 904! 5, 081] 875 12} 276) 3,918 
B 4 | 6,095} 5,886) 5,852) 937) 12) 361) 4, 542 
A 3. | 7,186] 7,275) 7,245| 1,001 25| b 378) 5,841 
_ A 4 | 8,057] 8, 205) 8, 186| 1,379 40| 606) 6, 161 
toe B 3 | 6,773} 6, 707| 6, 778| 1,093| 24) 367] 5,204 
B 4 | 7759 7,783} 7,837| 1,315} 33) %540| 5,949 
A 3 -| 7+713| 7,812] 7,791| 1,107} 40; — 498) 6, 146 
207 A | 4 | 9,267 9, 649 9; 523) 1,438] 59, 794) 7,232 
a lah Saat B | 3 7,996| 8,070) 8, 064) 1, 190 43| 481!) 6,350 
B | 4 | 9,621 95 637 9, 812) 1,758) 51/747) 7,256 
Red clover hay 4 
179 { I I 10,939 Bo, guejne, gae 2,354 43| 626) 7,903 
ee i I 2 | 91327) 9,944) 9,621) 1,812) = 28) 464) 7, 317 
I 1a | 9,844] 9, 586) 9,627] 1,604) 20) 413} 7, 590 
I | 3a | 9,835|10, 618/10, 176) 1,958)  §1| 464) 7, 703 
ME wae oe a awue ten I 24 10, 335/10, 945/10, 574] 2, 183 36} 555] 7,800 
I 3b 10, 178) I0, 197|10, 206] 1, 492 48| 464] 8, 202 
I 2b 10, 274) ‘10, 976110, 501} 1, 688 38] 555] 8,220 
Mixed hay 
D I |11,775)12s 995|12, 359) 1,679 79| 805) 9, 796 
SER ii ctaccnanesw D 4 9, 481) on 9, 625) 1, 498 76 527) 7,524 
D 5 8, 291) 8, 259) 8, 258) I, 497 57| 282) 6,422 
G I |12, 211 11, 971)12, 098) 1, 802 80] 830) 9, 386 
PER se winced wuss G 4 9, 843 9, 242) 9, 568) 1,958 751 457| 7,078 
G 5 7, 811| 7,178! 7, 477! 1, 382 62| 261) 5,772 


@ The 48-hour means differ from the means of ies 24-hour periods for two reasons: First, the percentage 
increase of the metabolism when standing over that when lying varied in the two days, as did also the 
percentage of the total heat carried off as latent heat of water vapor. On account especially of the latter 
difference, the mean of the two days taken singly differs from that computed from the average heat pro- 
duction per minute standing and lying for the whole 48 hours. Second, in experiments 190, 200, and 207 
the corrected results for the 48 hours are computed from selected portions of the runs in the manner described 
in sa earlier publication (10, p. 43), and therefore differ from the mean of the results for the single days. 

b Methane computed from digested carbohydrates. 
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TaBLE IX.—Heat production per day and per head corrected to 12 hours standing—Con. 





















































| ane“ produc- Analysis of heat production. 
Feeding stuff = experi- Animal me wey aaa Ria cu 
— a = First | Second! 48-hour — and~ fer- p.. 
day. | day. | mean. | pours, dying — der 
Alfalfa hay: | Cals. | Cals. | Cals. | Cats. | Cats. | Cats. | Cals. 
\( D I | 5,385) 55442] 5,411] 1,000] 39] 256) 4,116 
|} D 2 | 4,243] 4,290) 4,266} 612 45| 161) 3,448 
|| E 4 | 7,931| 7,823) 7,879] 1,014) 58} 457| 6, 350 
Oe. J EB 5 | 5,759} 5,764] 5,764} 796) 45} 302) 4,621 
ear ean )E 6 | 4,529) 4,590} 4,566, 732| 24) 180) 3,630 
C 4 | 8,965} 9, t00} 9,052] 1,297} 48) 470) 7, 237 
| C 5 | 71349} 7,391] 7,357] 1,292} 38) 380) 5,647 
2 6 6, 136) 6, 122] 6,124] 1, 156 34] 271) 4, 663 
F 4 }11, 228/11, 432/11, 474] I, 400 86} 697! 9, 291 
EERE ee | F mR Viemsien 8, 031} 8,007} 948 43| 429) 6, 587 j 
|t F 6 | 6,819] 6,794] 6,781} 830 54| 285) 5, 612 
if H I |II, 424/11, 186/11, 272] 1, 522 62] 837) 8,851 i 
RB isiikcenwksaws | H 3. |10, 189/10, 616) 10, 388) 1, 549 63} 685! 8, og1 
 H 5 | 7,836| 7, 582| 7,754 1,196] 45] 4r5| 6,098 ; 
Alfalfa meal : 
lf H | 2 |F,025|IT, 505)11, 252] I, 570 53| 760) 8, 869 
Wii i asacinasssees {} H | 4 | 9,889|r10, 270|10, 066] 1, 425 46] 638) 7,957 
| H | 6 | 7,029] 7,132] 7,069) 1, 146 42| 419| 5,462 
Maize stover | 
i( D I | 9, 550 9, 203) 9, 363] 1,428) 31) 495 7,409 
ROB Wcciwgetenencoes D 2 | 8,605) 8, 404] 8, 495] 1, 199 44, 405] 6, 847 | 
UD | 3° | 75527) 7,429) 7,476) 1,250] 59] = 308) 5, 859] 
Maize meal added "to 
clover hay: ' 
[ | 42 | 9,327) 9,944] 9,621) 1,812} 28) 464) 7,317 
OS PCIe NES? I | 3 |to,483 apn ming 198] 2, 284 45| 630) 7,239 
I 4 |12, 723/13, 354/12, 947] 3, 124 21| 1, 110) 8, 689 
Wheat bran added to | | 
timothy hay: | | | 
if A | 43 | 5,709) 5,532) 5,636] 1,091] 12) 282) 4, 251 
|} A | 2 | 7819 2,328) 7,739] 1,486 12} 503) 5, 738 
ee T+ | A @ Woe 8, 400) 8, 385 I, 307 13 643) 6, 422 
| B | 43 ee 4) 904) 5, 081] 875 12 276) 3,918 
| ie 6, 493| 6, 299) 6, 363| 865 6 400) 5, 092 
as | ae 6, 814 ies 7, 400) I, 057 II 537) 5, 804 
Grain mixture No. 1 | | | | | 
added to timothy | | | | 
hay: if A |} %3 | 7,186) 7,275) 7, 245) I, 001 25) @ 378) 5, 841 
|| A | 1 | 8,955) 9,236] 9,274] 1,322]  32| @ 679) 7, 24r 
ER ee |) A | 2 |r2, r40)12, 607) 12, 514| 2, 226 48)¢1, 043| 9; 197 
B }%3 | 6, 773| 6, 707| 6,778, 1,093] 24) @ 367) 5, 204 
Bp -| 2 8, 916 8, 952 9, 016 I, 427 17) 4556 7,016 
Bj 2 9, 810 9 710) 9, 909) 2,975 25) 2 684) 7, 429 
A | 43 7,713| 7, 812| 7, 791) 1, 107 40| 498) 6, 146 
A tof 9, 786)r0, 181)10, 164) I, 294 58 841, 7,971 
) A a 4x5, 534 12, 738. 13, 375| 2, 518 73| I, 222| % 562 
EERIE Te nee ) B | @3 | 7,996) 8, ; 070) 8,064! 1,190} 43 481| 6, 350 
| B I 9,434) 9) 508) 9, 600 1, 558) 24 733} 7, 285 
B a ‘er , 658) II, 640'11, 720| 2, 285) 45' 954! 8, 436 


@ Basal ration of coarse fodder only. 
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TasLe IX.—Heat production per day and per head corrected to 12 hours standing—Con, 





| Corrected heat produc- 
| } tion. 


Analysis of heat production. 


Feeding stuff and experi- {Animal} Period 
| No. 



































’ | my Rising| CH 
ment No. ° | First | Second | 48-hour — and | fer- R.. fi 
| | day. day. i acta, pm mag aa, 
Alfalfa hay and grain | 
mixture No. 2: | , Cals. | Cals. | Cals. | Cals. | Cals. | Cals. | Cats. 
if E I | 7,434! 7) 532] 7,483 916) 56, 464 6,047 
EF | 2 | 5,940] 5,911) 5,924] 788) 53] 303) 4, 780 
Rb oscertexaieon 4, 3 5,032) 5,138) 5,084) 824 35| 165) 4,060 
Cc 2 6, 802] 6, 927| 6, 858} 1, or) 31} 388) 5,428 
Cc 3 6, 096) 6, 149) 6, 123] 1, 043} 34| 284) 4, 762 
F I 9, 679/10, 099) 9, 888) 1, 132| 89} 562] 8, 105 
Co EEE ME F 2 | 7,645] 7,809) 7,115] 844) 73| 382] 5,816 
0 F | 3 | 6791) 6,659 6,734) 948) 68) 253) 5, 465 
Mixed hay and maize 
meal: 
pone {G | 2. | 8,678] 8, 362] 8,470 1, 505) 74) 470} 6, 42 
eis ye A Pe en 3. «-|14, 510/14, 467/14, 561} 2, 852} 68) 1, 126/10, 515 
Mixed hay and hominy 
chop: 
ii f D | 2 | 9,782|r0, 126) 9,947) 1,695} 71) +643) 7, 538 
a ee il D 3 14, 877|15, 040|14, 936 1, 850) 1o2| 1, 216 11, 768 








As already stated, we estimate the experimental error in the deter- 
mination of the heat emitted by the animal to be approximately 1 per 
cent. In the 73 cases in which a comparison of the two days can be 
made, 40 show a deviation from the mean of the two 24-hour results 
of less than 1.1 per cent—i. e., the results for the two days practically 
agree within the limits of experimental error. Of the 53 experiments 
made since 1905—i. e., experiments 200 to 212—which, in our judg- 
ment, are, on the whole, more accurate than the earlier ones, 36 fall 
within this limit or error. On the other hand, however, deviations as 
great as 2 per cent are not uncommon, while occasionally they rise to 
as much as 5 per cent or even 7 per cent. The mean of the percentage 
deviations is for the entire series 1.45 per cent and for experiments 200 
to 212, inclusive, 1.13 per cent. Moreover, the deviations of the single 
days from the mean are, on the whole, fully as great after reduction to 
12 hours standing as before. It is clear, therefore, that despite the 
apparent uniformity of experimental conditions the metabolism of the 
animals was affected by influences other than the feed or the propor- 
tion of time spent standing. 

Mr. H. H. Mitchell, of the Illinois Experiment Station, has had the 
kindness to submit these data to mathematical study and finds that 
they present clear evidence of the existence of individual differences 
between the animals as regards the agreement between the two days. 
He writes as follows: 


It seems very evident to me both from inspection of the data and from statistical 
calculations that the percentage deviation of duplicate determinations of the heat 
78745°—15—3 
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production of animals is variable, depending undoubtedly upon the particular 
animal under investigation and possibly, also, upon the nature of the ration. Thus 
the average percentage deviations for the four animals for which 10 or more obser- 
vations are recorded, with their probable errors, are: 


EE eee oy ere ae Se ee ee Re Cae eT 2. 100. 23 
PUSMURMIN ED oxo cwin's sorb -stbce oo isinio ese d arey aes eine Ma nine RA Hea ebatIOes Melee 42. 25+0. 35 
PMNs 5 sn 0 0's nes are ned asin 5-oco areas eth ats 6 ala lstach anes K-otegeei sone we apc oresnaTeS b1.77+0. 18 
NE ons 5G OR E565 ON SERS EE ET ERESN I EEKS AOSV EADS E ICES 0. 750. 13 
AMMEN EED 5 cscasi ie Ree calse Stuer AUS Ww BARN DAS POE lars Reale wre wile Ce EEN 1. 320. 28 


While, according to these figures, animals I and A can not be differentiated from 
each other, they are both clearly differentiated from animal B, the differences, 
with their probable errors, being 1.35+0.26 between animals I and B and 1.02 +0.22 
between animals A and B. The difference between animals I and D was 0.78 +0.36, 
the significance of which may be questioned. Using another method of compari- 
son, it may be shown that the odds are 124 to 1 that animals C and H are definitely 
distinct as regards the percentage deviation under discussion. I should not hesi- 
tate to conclude, therefore, that this percentage deviation is affected by the indi- 
viduality of the experimental animals. Furthermore, there is a slight suggestion, 
especially in the data of animals A and B, that the nature of the ration may affect 
the percentage deviation of your determinations. 

It is of interest to note in this connection that the results of Kellner’s 
respiration experiments (uncorrected for standing or lying) likewise 
show variations of much the same order of magnitude between indi- 
vidual (not consecutive) days. When, therefore, comparisons are based 
upon the average results for 48 hours, it is impossible to assert that 
these results represent, as they should, periods of average muscular 
activity, although it would appear that the error thus introduced is 
usually not large. In Kellner’s experiments it is still further reduced 
by the fact that in most cases the results of four or five single runs are 
averaged. 

ANALYSIS OF HEAT PRODUCTION 


In Table VII were shown the increments of heat production per 24 
hours in standing animals as compared with those lying. It is evident 
that of the total corrected heat production recorded in Table IX an 
amount equal to one-half of the corresponding increment shown by 
Table VII is to be regarded as the effect of the 12 hours’ standing, while 
the remainder represents the metabolism of the animal per 24 hours 
lying. On the basis of Zuntz’s recent results it is possible to carry this 
analysis of the heat production a little farther, at least approximately. 
The expenditure of energy caused by standirig obviously includes that 
required for the muscular effort of rising and lying down. Von der 
Heide, Klein, and Zuntz (20, p. 823) estimate this on the basis of 
experiments by Klein at 9.7 Calories per 550 kg. of live weight for 
once rising and lying down again. The same investigators (20, p. 795) 
compute from Markoff’s experiments (37, 38) that the methane fer- 
mentation in cattle gives rise to the evolution of 4.374 Calories of heat 
per cubic centimeter of methane, equivalent to 6.07 Calories per gram. 
While both the foregoing figures are confessedly but approximations, 
nevertheless they permit a partial analysis of the heat production with 





@ Including questionable observation. 





b Not including questionable observation. 











ee eee 
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the results shown in the second part of Table IX. The “remainder” 
shown in the last column includes the so-called basal or fasting meta- 
bolism, together with the effect of the feed in increasing the muscular 
activity of the organs of digestion and of the voluntary muscles in the 
lying position, as well as in directly stimulating the cell metabolism. No 
sufficient data are available for further analysis of this “remainder.” 


PROPORTION OF FEED ENERGY EXPENDED IN HEAT PRODUCTION 
METHOD OF DETERMINATION 


The total metabolism of an animal upon any particular ration, as 
illustrated by the figures of Table IX, is made up of numerous factors, 
and a single experiment affords no means of determining the proportion 
due to the consumption of feed. This can be determined only by a 
comparison of two periods, otherwise identical, in which different quan- 
tities of the same feed are consumed, the additional heat production on 
the heavier ration constituting the measure of the additional energy 
expended. With carnivora and with man the comparison may be made 
with the fasting state—i. e., the amount of feed in one of the periods 
may be zero. With cattle this is impracticable for obvious reasons, and 
it is necessary to make the comparison with a period upon a so-called 
basal ration. Kiihn and Kellner added the feeding stuffs to be tested 
to a mixed basal ration that was more than sufficient for maintenance. 
In our earlier tests, up to experiment 207, inclusive, the same general 
plan was followed, except that the basal ration consisted of coarse feeds 
only and was in most cases below the maintenance requirement. In the 
later experiments the method was modified by feeding different quan- 
tities of the same feed or mixture of feeds both above and below the 
maintenance requirement. The method of comparison for a ration con- 
sisting of a single feeding stuff is very simple. Thus, in experiment 207 
the following results were obtained on timothy hay with steer A in 
periods 3 and 4. The same method of comparison may obviously be 
applied also to different amounts of a mixed ration of grain and hay. 


Computation of energy expenditure by steer A per kilogram of timothy hay eaten 








| Distribution of heat production. 
| Quantity | Total 


Item. ~~ bo | Rist 
| matter | produc- ; Rising | Fermen- | Remai 
| eaten. tion. | Standing. | and lying oo 


| down. tation. | der. 





Gm. Calories. | Calories. | Calories. | Calories. | Calories. 





Period 4.......0..eeeeeeeeeee | 4,892 | 9,523] 1,438 59 794} 7,232 
WOUND Shaun ce cantswaneees | 2,974 | 7,791 | 1,107 40 498 6, 146 
PNONE. Soe ren sie cess: | 1,918 | 1,732 331 19 296 1, 086 


Difference per kilogram | 
of dry matter......... eS orale an 903 173 9 154 567 
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The comparison of these two periods shows that each additional kilo- 
gram of dry matter consumed increased the total heat production by 
903 Calories, 173 of which represent energy expended in standing, 9 that 
expended in rising and lying down, and 154 the additional heat due to 
the methane fermentation, while the remainder, 567 Calories, represents 
the increased mechanical work of digestion plus any stimulus which the 
digested nutrients exerted upon the cell metabolism. Obviously the 
calculation by difference eliminates the basal metabolism. 

For concentrated feeds, which can not be fed alone, two methods 
have been used, as already noted. In the earlier experiments, the con- 
centrate was added to the basal ration of coarse fodder. Thus, in period 
2 of the experiment just used as an illustration a mixture of grains (grain 
mixture No. 2) was added to the basal ration of period 3 with the follow- 
ing results: 


Computation of energy expenditure by steer A per kilogram of grain eaten 


Quantity of dry 
matter eaten. 





Distribution of heat production. 




















eto nae v 
Item. | Produc- | Rising | : 
Hay. Grain. | “| Standing. | and lying| ee | ~—— 
| | down. ation, | er. 
| Gm. Gm, Calories. | Calories. | Calories. | Calories. | Calories. 
Period 2........... 2,949 | 4,759 | 13,375 | 2,518 73 I, 222 9, 562 
DOIN Biceceescacscc sl BpROeele 5 64505 7,791 | 1, 107 40 498 6, 146 
Difference..... | 25] 4,750] 5,584 | 4, 411 33 724 3) 416 
Difference per | 
kilogram of | 
dry matter...)........J......+. | 1,179 298 7 153 | 721 











Each kilogram of dry matter of the grain increased the heat pro- 
duction by 1,179 Calories, which can be subdivided as before in the 
proportions shown.' The greater expenditure of energy per kilogram 
in the case of grain as compared with hay is seen to be due in part to 
a greater increase of the metabolism of the animal when standing and 
in part either to increased mechanical work in digestion or more likely to 
a greater stimulus of the cell metabolism. 

In later experiments (Nos. 208 to 212, inclusive), in place of adding 
grain to a ration of coarse fodder, the animals received varying quantities 
of a uniform mixture of coarse fodder and grain, the energy expenditure 
caused by the total ration being determined substantially in the manner 
already illustrated. The portion of the increase due to the grain alone 
was computed by subtracting from the total increase that due to the 
hay as determined in two or more separate periods on exclusive hay 
rations.2, The method may be illustrated by the results obtained with 
steer If in periods 1 and 3 of experiment 208. 





! Logically the results of the comparison should be corrected for the slight difference (25 gm.) in the 
amount of dry matter of hay consumed. As a matter of fact, however, this correction is insignificant in 
all the experiments, amounting in the present instance to about 1 Calorie. 

2? When more than two periods of hay feeding were used the increased heat production per kilogram of 
hay was computed by comparing the periods on the heaviest and the lightest rations. 














a 
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Computation of energy expenditure of steer E per kilogram of grain eaten 





Quantity of dry 


Jistributio sat producti 
matter eaten. Distribution of heat production 


























| 
—_— Total | iat 
| heat 
Item. | produc- | Rising 
= eer | Cm pee eis and Fermen- | Remain- 
Hay. Grain. | Seaneting. lying tation. | dev. 
down. 
Gm. Gm. Calories. | Calories. | Calories. | Calories. | Calories. 
Period 1r.. ..| 1,086 | 2,122 | 7,483 | 916 506 | 464} 6,047 
BOR scx coovac ens! 387 764 | 5,084 | 824 35 | 165 | 4,060 
Difference..... 699 | 1,358) 2,309 92 21 209 1, 987 
Difference due 
to 699 gm. of | 
May Foe. 2 Jes eeeees | 840 71 9 70 690 
Difference due | 
to 1,358 gm. 
CO as Senne) eee) es oo 21 12 | 229 I, 207 
Difference per 
kilogram of 
grain........ oD ne ey 15 9 | 169 955 











@ Computed from a comparison of periods 4 and 6. 
DIFFERENCES IN LIVE WEIGHT 


As the figures of Table VII show, the live weight of the animals varied 
more or less in the different periods. To what extent do these varia- 
tions affect the conclusions drawn from comparisons like those just 
illustrated ? 

Two effects other than those due directly to the amount of feed might 
be anticipated from an increase in the live weight: First, an increase in 
the basal metabolism due to a greater mass of tissue, and, second, an 
increase in the muscular work of supporting the body in the standing 
position. As regards the first of these, it is to be remarked that the 
experimental periods were short (three or, in a few cases, four weeks only) 
while the changes in the amount and kind of feed consumed were con- 
siderable. It seems altogether probable that the larger part of the 
variation in weight must be ascribed to ‘fill’ —i. e., to variations in the 
contents of the digestive tract rather than to any considerable change in 
the make-up of the body proper—and that the actual basal metabolism 
was not greatly affected. As regards the effect upon the muscular work 
of standing, it has been already pointed out that this appears to be a 
relatively small factor in the total increase of heat elimination in stand- 
ing. In view of these considerations, it is to be anticipated that a cor- 
rection of the heat production in proportion to either the weight or the 
surface of the animals would materially exaggerate the effect upon the 
metabolism, and, on the whole, we have regarded it as safer to disregard 
the variations in live weight rather than to attempt a more or less con- 
jectural correction. 
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HEAT INCREMENTS PER KILOGRAM OF DRY MATTER 


The results of the comparisons between periods made by the methods 
just illustrated are contained in Table X. In those cases in which more 
than two periods upon the same ration can be compared, the total heat 
increments per kilogram of dry matter are recorded for each successive 
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pair of periods, beginning with the lighter ration. Thus, in the case of 
steer I in experiment 174 four different amounts of timothy hay! were 
eaten. ‘Table X shows the total heat increments computed by comparing 
periods A with B; B with C; C with D; and finally A with D. The 








1 About 350 gm. of linseed meal in each period were also fed. 
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final comparison, between the smallest and greatest rations, is regarded 
as the average result, and on it is based the computation of the distribu- 
tion of this energy between standing, rising, and lying down, fermenta- 
tion, and the “remainder,” as well as, in the case of mixed rations, the 
computation of the energy increment due to the hay. The same results, 
computed per 500 kg. of live weight, are also represented graphically in 
figure 2, the abscisse representing the amount of dry matter consumed 
and the ordinates the corresponding corrected heat production, the 
heat production per kilogram of dry matter corresponding to the tangent 
of the angle between the graph and the horizontal axis. 
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TABLE X.—Increments of heat production per kilogram of dry matter 
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TABLE X.—Increments of heat production per kilogram of dry matter—Continued 


Feeding stuff and experiment 
No. 





Alfalfa meal: 


212.. 


Average of alfal- 
fa hay and 
meal..... 


Maize stover: 
2206.. 


Alfalfa hay and grain 
mixture No. 2: 


Average........ 

Alfalfa hay and grain 
mixture No. 2 (periods 
1 and 2): 


208.... 


Average.......... 


Mixed hay and maize 
meal: 
BREA 6640 04d SO OS 
Mixed hay and hominy 
chop: 
eee ee ee ee eee 
Maize meal added to clo- 
ver hay: 
179. 


Maize meal (computed): 





DPE as Os sree hs hee we 
Hominy chop (com- 
puted): 

BIR escent es 
Wheat bran added to | 


timothy hay: 
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TABLE X.—Increments of heat production per kilogram of dry matter—Continued 





Analysis of heat incre- 
ments. 
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| | ee sie ial] § 
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added to timothy hay: Cals. | Cals. | Cals. | Cals. \Cals. Cals, \cats| Cals. 
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CRITICAL TEMPERATURE 


In order that comparisons like the foregoing shall be valid, the experi- 
ments must, of course, be made above the so-called “critical tempera- 
ture” for the animal experimented with and for the minimum quantity 
of feed consumed, since below this temperature part of the heat produced 
is utilized to maintain the body temperature and thus to reduce the 
amount of heat liberated by the katabolism of body substance (2, p. 
347-359, 407-410). Our experiments have been made at about 17° to 
18° C., and we have not attempted to determine the critical temperature 
for cattle, but the fact clearly shown in figure 2 that the heat production 
per kilogram of feed consumed showed no tendency to increase as the 
rations were made heavier leads us to believe that even on the lightest 
rations the temperature was safely above the point at which the so-called 
“chemical” regulation of body temperature begins. Kellner’s experi- 
ments were made at somewhat lower temperatures, mostly between 12° 
and 15° C., but on heavier rations. 
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DISCREPANCIES IN RESULTS 


It is apparent from both Table X and figure 2 that the single results 
show a considerable range for the same or similar feeds not only with 
different animals but also, in some instances, between different periods 
with the same animal. For example, in experiment 209, on steer F 
with alfalfa hay an increase of the ration from 2,226 to 3,562 gm. of dry 
matter caused an increase in the (corrected) heat production at the rate 
of 963 Calories per kilogram, while a further increase to 6,174 gm. re- 
sulted in a relatively greater increase of the heat production—viz, 1,301 
Calories per kilogram. 

In the instance just cited one might be inclined to interpret the differ- 
ence as an effect of the greater feed consumption. The next line in Table 
X, however, shows an even greater difference in the opposite direction, 
while it is evident from figure 2 that the data as a whole show about as 
many differences in one direction as the other and, as pointed out in the 
previous paragraph, fail to give any distinct evidence of a greater relative 
increase of heat production on heavy as compared with light feed or.on 
supermaintenance as compared with submaintenance rations, the averages 
tending, if anything, to be a trifle lower on the heavier rations. 

Unavoidable differences in the muscular activities of the animal, other 
than those connected with standing and lying, and in other conditions 
have also to be considered. As already pointed out, the existence of 
such differences, in spite of the uniformity of the controllable experimental 
conditions, is indicated by the occasionally considerable divergence of 
the heat production upon the two days of the calorimeter runs. It is 
not improbable, therefore, that they may be responsible, at least in part, 
for the observed discrepancies, so that it is obvious that the average re- 
sults must be accepted with some reserve. On the other hand, however, 
it must be remembered that these are calculations by difference and that 
in such a calculation the experimental errors tend to accumulate in the 
final result. Obviously the greater we make the difference in the factor 
whose effect is to be determined, the less will be the relative error of the 
final result.1. We believe, therefore, that the results obtained by a 
comparison of the extreme rations, as recorded in column 4 of Table X, 
are decidedly more trustworthy than those computed from the inter- 
mediate rations, and, notwithstanding the discrepancies just mentioned, 
are inclined to regard them as expressing the total effect of the feed in 
increasing the metabolism, when variations in the time of standing are 
eliminated, with a sufficient degree of accuracy to warrant general com- 
parisons of the average results. These average results, both as to the 
total heat increment and its factors, are summarized in Table XI. 


1 Out of 13 cases in which the results appear abnormally high or low, there were 6 in which the difference 
in dry matter consumed was less than 1 kg., although there were 5 other cases in which, with a similar 
small difference in the dry matter consumed, apparently normal results were obtained. 




















Mar. 25, rors Energy Values of Feeding Stuffs for Cattle 477 





TABLE XI.—Average increments of heat production per kilogram of dry matter 





Analysis of heat increment. 
Total ates) ie 
Feeding stuff. incre- | ? | Rising CH : 
ment. | Standing and | fermenta-| Remain- 
12 hours.| lying tice. der 
down. 

COARSE FODDERS: Cals. Cals. Cals. Cals. Cals. 
RUMOR ERM ce cio dicesciccnnvanunee 782 141 5 132 504 
Red clover hay: 

Fn OREO SE OER ee 723 344 10 96 273 
— I 79 Rereitaawawnees 992 412 II 123 446 
Mixed hay. . Ser ner erect g80 68 4 123 785 
PERRI Wo cisiassciuwie <6 sic Cc.sreciereerrs I, 165 169 5 102 889 
PUI INR 365 ee es how'd as wea ds I, 190 121 3 97 969 
Average of alfalfa hay and 
WOR ccceccwcudenccnuon sea I, 169 161 5 IOI go2 
FEM WRON a 3 cco ten ase lca nce 1, 065 IOI —16 105 875 
MIXED RATIONS: 
Alfalfa hay and grain mixture 
No. 2 
Po of |] ere I, 139 20 4 138 977 
Average of periods 1 and 2only.| 1, 160 127 5 107 g2I 
Mixed hay and maize meal.........} 1, 297 287 - I 140 871 
Mixed hay and hominy chop........| 1, 147 36 7 132 972 

CONCENTRATES: 

Maize meal added to clover hay..... 952 375 -—1 185 393 
Maize meal computed from mixed 

WN ccdcccedieccnceccueckuas I, 434 386 —4 146 906 
Hominy chop computed from 

mixed ration. . | 1, 365 30 9 146 1, 180 
Wheat bran added to timothy hay. | E297 93 I 142 943 
Grain mixture No. 1 added to timo- 

thy hay. .......eeeeeeee eee eeees I, 327 331 4 161 831 
Grain mixture No. 2 senenite from 

mixed ration....... | 1,125 —19 2 160 982 
The same from periods 1 rand 2 ‘only. I, 141 128 3 IIo goo 




















COMPARISON OF COARSE FEEDS AND CONCENTRATES 


The average results recorded in Table XI for the total increase in 
metabolism resulting from the consumption of 1 kg. of dry matter of 
the several rations—i. e., for the so-called “work of digestion” in the 
widest sense—are far from being in accord with common conceptions. 
Unconsciously misled by an unfortunate terminology, we have been 
accustomed to think of the more coarse and woody feeds, like hay, 
straw, stover, etc., as requiring a greater expenditure of energy in their 
digestion and assimilation than the more concentrated and highly 
digestible grains, for example. It may be somewhat surprising, there- 
fore, to note the relatively small differences found in this respect between 
different classes of feeding stuffs, as shown by the averages of Table 
XI and by figure 2. For example, the expenditure of energy caused 
by maize meal in experiment 179 was almost as great as that caused by 
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the clover hay with which it was fed, while in experiment 211 it was 
apparently distinctly greater than that due to the mixed hay con- 
sumed with it. Grain mixture No. 1 decidedly exceeded timothy hay 
in this respect, and grain mixture No. 2 was nearly equal to alfalfa hay. 

As a matter of fact, however, these results are in general harmony 
with those of other investigators, particularly Kellner. The senior writer 
2, p. 492) pointed out some 12 years ago that the total expendi- 
ture of energy consequent upon feed consumption, as computed from 
Kellner’s published experiments, is strikingly uniform for the several 
materials experimented upon with the exception of wheat gluten, the 
average results computed per kilogram of dry matter being quite of the 
same order as those here reported, viz: 


Average energy expenditure per kilogram of dry matter 


Calories. Calories, 
oe. EE ETS B, Gba | POGMUG oici00s osc ore sc vecseas a Oy eee 
IN 65.55 8s6abes 4a .... 1,014 | Wheat gluten: 

WUMORU SHAW. «3c ccdencees <a» ngs Kiihn’s experiments........ 2, 558 
Extracted straw......6 cc ccceces I, 160 Kellner’s experiments..... 2, 096 
Starch: WCE INOLGSNEE aos esc teens 988 
Kiihn’s experiments........ 1, 508 
Kellner’s experiments— 
Moderate rations....... 1, 248 
Heavy rations.......... 903 





Kellner’s later experiments (24, ed. 6, p. 160-168) have not yet been 
published in full, so that it is not possible to make an exact computation 
of the energy expenditure. In certain cases, however, the percentages 
of digestible nutrients are reported. If the corresponding amount of 
metabolizable energy be computed, using the factors given on page 453, 
and from this the amount of energy gained by the animal subtracted, 
the difference will represent approximately the energy spent in digestion, 
etc. The results of such computations are as follows: 


Energy expenditure per kilogram of dry matter, computed from Kellner’s experiments 








eer Energy 
ae Computed Gain in 
Feeding stuff. | Pigestione metaboliza- | energy by | ,oxPended 
| nutrients. | pee 2 pie coll in feed con- 
} e energy. animal. sumption. 
F Gm. Calories. Calories. Calories. 
Cottonseed Meal... nic cece ces Byeel 647 | 2, 588 1, 869 719 
oS a eer cig witten 672 | 2, 688 1, 798 890 
SNR IINIIN 565-5 dn-v 5 Od Cun wb sane 624 | 2, 496 I, 739 757 
ee ee Coe Tae OST 690 | 2, 760 1, 828 932 
Barley straw...... CY SOE 464) 1, 624 747 877 
AL Se Oe ae ee ree ON ean eee 2 408 | 1, 743 811 932 
DEO kena men nnscenks Por 528 | 1, 848 803 I, 045 
IR csc ae casenie ohvatsioe mea aes sie 487 | I, 705 747 | 958 
| 
| | 















The approximate results thus computed for the coarse fodders are 
comparable in a general way with ours upon similar feeds, although 





@ One very high result was rejected. 
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somewhat lower than Kellner’s direct results just cited. Those on the 
oil meals appear relatively lower than ours, although even then they 
are not much lower than those for the coarse feeds, but it may be ques- 
tioned whether the estimates of the metabolizable energy of these feeds 
are not too low. 

FACTORS OF INCREASED METABOLISM 

Even the very approximate and partial analysis of the total heat 
production which is attempted in the second part of Tables IX, X, and 
XI serves to show that the degree of uniformity noted in the preceding 
paragraph, so far from being surprising, was rather to be expected. 
The notion of a greater expenditure of energy on coarse feeds is based 
on the idea that this expenditure is largely for mechanical work. The 
analysis of the heat production attempted on preceding pages, however, 
even though only approximate, clearly shows that a considerable por- 
tion of the increase in heat production is due to other causes. Roughly, 
from 9 to 17 per cent of the increase is computed to have had its source 
in the methane fermentation, while from 3 per cent to as much as 30 or 
40 per cent appears to have been due to increased muscular activity 
while standing. The “remainder” may be regarded as consisting of the 
mechanical work of digestion plus the stimulus which the feed exerted 
upon the general metabolism of the animal. How large the latter fac- 
tor is we have no means of determining, but apparently it is not incon- 
siderable. 

It would seem that the energy expended in peristalsis can not be 
widely different per kilogram for the different classes of feeding stuffs. 
On the other hand, the work of mastication and rumination has been 
shown to be distinctly greater for the coarse feeds. On the basis of 
Paechtner’s (39) and of Dahm’s (17) experiments on cattle it may be 
roughly estimated at 100 Calories per kilogram for hay. Zuntz and 
Hagemann (52) found the work of masticating oats by the horse to be 
28 per cent of that required for hay. On this basis an expenditure by 
cattle of approximately 28 Calories per kilogram of concentrated feeds, 
may be estimated. If these amounts are subtracted from those shown 
in the last column of Table XI, the following approximate figures are 
obtained per kilogram of dry matter consumed for the work of peristalsis 
plus the food stimulus to the general metabolism: 


COARSE FEEDS CONCENTRATES 
Calories. Calories. 
TORY BURG oo ive severities Mn TR ois ois coca sa esa dans 878 
Clover hay ne, 179). CR I 
Mixed hay.. aes ae GHG PVE RRMO WNMIES cn tgcs oS a5 ene caess 915 
PO Ee Peer tri 802 | Grain mixture No. 1............ 803 
Dee Terre 775 | Grain mixture No. 2............ 872 


Whether the expenditure of energy in peristalsis in cattle is as small 
as it appears from recent investigations to be in man and in the car- 
nivora it is impossible to say, but one can hardly avoid the impression 
that the considerable differences shown by the foregoing figures, and 








480 Journal of Agricultural Research Vol. III, No. 6 


especially the generally higher results for the concentrates, indicate that 
the direct stimulation of metabolism is a large factor. 

It appears, then, that while the mechanical work required for the 
digestion of concentrates is somewhat less than that necessary in case 
of coarse fodders, this difference is more than compensated for by other 
factors, so that on the whole fully as great an increase in the heat pro- 
duction is caused by the consumption of the concentrates. As a class, 
concentrates are superior to coarse fodders, not because their consump- 
tion involves a less expenditure of energy, but because they contain 
more metabolizable energy, so that more remains available for body use 
after that expenditure has been met.’ 

DIFFERENCES BETWEEN FEEDING STUFFS 

But while our results do not show the existence of as great differences 
between the two great classes of feeding stuffs in their effects on the 
energy expenditure of the body as seems to have been at times assumed, 
they nevertheless reveal distinct differences even between feeding stuffs 
of the same class. Thus, among the hays (if the results of experiment 
179 for clover hay are accepted) a regular increase is found in the total 
energy expenditure from timothy hay with an average of 782 Calories 
through mixed hay and clover hay up to alfalfa with an average of 
1,169 Calories. Apparently the legumes cause a distinctly greater 
increase in the metabolism than the Poaceae (Gramineae). In the case 
of red clover, the difference, according to the meager results obtained, 
appears to result chiefly from a stimulation of the metabolism due to 
standing. With alfalfa, on the contrary, the increase in the standing 
metabolism is not materially greater than in the case of timothy hay, 
while that due to fermentation is somewhat less. The chief difference 
between the two seems to lie either in their effect upon the work of 
peristalsis or in the degree to which they stimulate the general metab- 
olism. One can hardly doubt that the latter is the chief cause and is 
naturally inclined to associate it with the higher percentage of protein 
in the legumes. That other causes may also be operative, however, is 
indicated by the result on maize stover, which is nearly as high as in the 
case of alfalfa and shows a similar distribution among the several factors. 

Among the concentrates there may be noted particularly the marked 
effect of maize in both the two not very satisfactory experiments in 
noticeably increasing the standing metabolism. This result is of special 
interest in view of Zuntz and Hagemann’s observations (52, p. 259) on 
the stimulating effect of maize upon the metabolism of the horse, which 
were also made on the standing animal, although no increase in the 
minor muscular activity is reported. Grain mixture No. 1, containing 
43 per cent of maize meal, likewise showed a similar effect, although 
with grain mixture No. 2, containing 60 per cent of maize, it was much 
less marked, possibly on account of the lower content of protein (12.5 
as compared with 17.5 per cent). The increases caused by wheat bran 
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and by hominy chop, on the other hand, appear to have affected chiefly 
the metabolism of the animal when lying. 


INDIVIDUAL DIFFERENCES 


Attention was called on pages 460-461 to the existence of individual 
differences in the effect of the feed on the ratio of the standing to the lying 
metabolism. These differences seem in some instances to extend also 
to other factors of the total heat increment. While the single results 
are more or less variable, this fact seems to be brought out clearly in the 
averages. The most striking example is afforded by the animals A and 
B in experiments 190, 200, and 207, for which the following averages 
may be computed, showing the heat increments per kilogram of feed to 
have been distinctly greater with steer B than with steer A. ‘This is, 
of course, the converse of the conclusion recorded in an earlier publica- 
tion (10). 


Average heat increments of steers A and B per kilogram of dry matter 








Distribution. 


. Animal. | Total in- 
Feeding stuff. - ae ’ 
No. crement. Standing ee ae Rémein. 
12 hours. and lying ermenta- der 
| | down, tion. . 








| 
= 








Calories. | Calories. | Calories. | Calories. | Calories. 

TERING MAY caccaaccconcucews A 737 | 113 6 139 459 
\\ B 890 183 4 126 577 

Timothy hay and wheat bran.. A 1, 066 | 84 ° 140 842 
B 1, 288 | 101 -I 144 I, 044 

Timothy hay and grain mix- { A 1,223 | 296 7| ° 156 764 
ture No. 1. | B 1,430 | 367 I 164 898 











No such distinct differences were observed between the other animals, 
which, however, were all of similar type. While steers C, E, and F 
showed an increased effect upon the standing metabolism in the order 
named the difference in the metabolism of the animals when lying 


shows on the average an approximately equivalent decrease, so that 
no material difference in the total effect resulted. 


SUMMARY 


Tables X and XI include the results of all of our experiments which 
have been so far computed as to permit their discussion. In seeking to 
derive from the recorded results for the increased energy expenditure 
consequent upon the consumption of certain feeding stuffs general 
averages which may, with the reservations made on previous pages, afford 
a basis for estimating the energy values of classes of feeding stuffs and of 
mixed rations, a certain degree of freedom of choice and the exercise 
of the judgment of the experimenters seems warranted. Of our results, 
those on clover hay in experiment 186 appear to us particularly ques- 
tionable. In one period the animal did not lie down during the entire 
48 hours, while in two other periods the time spent in lying was much 
less than normal. Furthermore, there was a considerable difference 
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between the observed and the computed heat production in four out of 
six periods, although it is true that this difference was not relatively 
greater than in experiment 190. Whether these facts are in any degree 
responsible for what seem abnormally low results and for the very large 
proportion of the heat increment apparently due to stimulation of the 
standing metabolism, it is hard to say, but the results differ so widely 
from all the others that we feel justified in rejecting them, pending other 
experiments, particularly since the total increment observed in experi- 
ment 179 agrees very well with that computed on page 478 from Kellner’s 
experiments. Experiment 212 fails to show any significant difference 
between alfalfa hay and alfalfa meal, and the two have been averaged 
together. In the case of maize meal it is difficult to decide which, if 
either, of the discordant results is worthy of most credit. The figure 
of only 393 Calories per kilogram for the increase of the metabolism 
of the animal when lying, however, seems so low that we’ are inclined 
to attach greater weight to the later experiment. For grain mixture 
No. 2 we have used the results computed from periods 1 and 2 in the 
belief that the heat production in period 3 was rendered abnormally 
high by the restlessness of the animals, owing to the small bulk of their 
ration (compare p. 461), although the difference is scarcely significant. 

In the Mockern experiments Kellner’s results on heavy rations of starch 
appear to be abnormal in that the methane production was not increased, 
while much starch escaped digestion. Kiihn’s results were obtained on 
rations of coarse fodder and starch alone with a nutritive ratio of about 
I : 20, or even wider—i. e., under conditions seldom or never realized in 
practice. Kellner’s average for medium rations, therefore, would 
appear to correspond most nearly to normal conditions. The results on 
peanut oil were irregular in several respects, but the rejection of the very 
high result with ox D seems justified. Of the computed results of Kell- 
ner’s experiments, as given on page 478, those for the oil meals seem un- 
questionably too low and have been rejected. 

On the foregoing assumptions we have formulated the following 
averages for the total energy expenditure resulting from the consumption 
of 1 kg. of the dry matter of the feeds named. It may not be superfluous 
to call attention again to the fact that these figures are simply general 
averages, derived in some instances from quite discordant single results, 
and that, as both our own and the Méckern experiments show, they are 
subject to very considerable variations in individual cases. 


Average energy expenditure per kilogram of dry matter eaten 





COARSE FODDERS CONCENTRATES 

Calories. Calories. 
TUUG MOY scene cecsses vans GOas  DEOIER PAOD caries sacks ccd ee uses I, 434 
PEA COVER BRU 655 v0.cacsg0 sss aese su O68 | ROMINY CROP sii. ):605 66 cece wes es Bp QOs 
PINCOGRY. occciacscescer ests SOCOM RECN GuilciaKee + 45 cies wes Ty ee 
ree eee 1,169 | Grain mixture No. z..............+ 1) 327 
GRE Spyies x sick e ban VOsgne 1,046 | Grain mixture No. 9... ............ 1) 34% 
a OT EO Ce en ee O55 | DOCU MOINSIES. 06.6 c ee ces 988 
ee Ce eee BiGOk 1 ONO yan h act se cess css wcanancns 
RRUMEO OVER. go be sssasiccsenaes 5s) AGS MEIN re whew aweauimes a cxe oer 1,727 
PRP EOW i siscacccencavers cess  COpd) | ACMUMMIROEDS Gi:6ocaccngacontoneae Sed 
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III. NET ENERGY VALUES AND THEIR COMPUTATION 


The method of estimating the nutritive values of the feeding stuffs 
consumed by farm animals which has been current for many years may 
from one point of view be characterized in a broad way as a chemical 
method. On the basis of the fundamental investigations of Henneberg 
and Stohmann (21, 22) in the early sixties, it sought to determine the 
amounts of protein, carbohydrates, and fat contained in feeding 
stuffs in a digestible form, assuming that the groups thus determined 
had the same physiological values in the nutrition of herbivora as had the 
; corresponding substances in the food of man and carnivora. It is a 
well-recognized fact, however, that our information regarding both the 
qualitative and quantitative composition of feeding stuffs is even yet 
very meager. Moreover, our knowledge of the physiological functions 
of their ingredients is even more defective, so that, as Kellner (24, p. 15) 
points out, the advances in our knowledge of the chemistry of plants have 
not led to a corresponding increase in our knowledge of their nutritive 
values and have left the methods for the analysis of feeding stuffs largely 
untouched. 

Kellner appears to have been the first to attempt any practical appli- 
cation of the conception of the feed as a source of energy to the body. 


eS 





In 1880, in his investigations upon the relations between muscular activity 
and metabolism in the horse (23), he determined the additional amount 
of work which the animal was able to perform as a result of the addition 
to his rations of starch and of fat. He expressed his results in terms of 
the percentage of the energy of the starch or fat which was recovered as 
useful work and called attention to the desirability of determinations of 
the heats of combustion of nutrients and feeding stuffs. Sixteen years 
later, after Rubner (40, 41) had published his fundamental work on the 
replacement values of nutrients and Zuntz and his associates (30, 54) had 
begun their investigations on the metabolism of the horse from the stand- 
point of energy, Kellner was able to return to the subject and undertake 
those extensive investigations with cattle (cited on previous pages) upon 
which he based his well-known method of comparing feeding stuffs on the 
basis of their so-called starch values. These are in reality energy values, 
and, so far as they are the results of direct determinations, they were 
obtained by substantially the same general experimental methods used 
in our own investigations, although direct determinations of the heat 
production were not included. 








VALUES DIRECTLY DETERMINED 


The net energy value of a feeding stuff, as stated in the introductory 
paragraphs, is the energy which remains after deducting from its total 
chemical energy the two classes of losses which have been discussed in 
the first two sections of this article—viz, the losses of chemical energy 

78745°—15——4 
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in the excreta and the increased heat production consequent: upon the 
consumption of the feed. For example, the alfalfa hay consumed by 
steer E in experiment 208 contained per kilogram of dry matter 4,408 
Calories of chemical energy. From the results reported in Tables III 
and X its net energy value, computed from the average results of periods 
4, 5, and 6, is as follows: 


Net energy value of alfalfa hay per kilogram of dry matter 


Calories. Calories. Calories. 
CR RNIN NI a. 5 ais vu spain RO OANA E RN ROK ME UEpa eRe pnee Ewer eueials 4, 408 
Losses of chemical energy: 
PR osu pass ons bitrate Wing AUN Sele aNe EAS ARE Riese 2, 062 











RMN A 5 655:5: 00 2s sunsnve Reds reba Ras daa aetoe ie eo ear Nr wereraelohe 635 


Computed in practically this way, by subtracting from the gross 
energy the average losses of chemical energy recorded in Table IV and 
the average energy expenditure consequent upon the consumption of 
the feeding stuff as given on page 482, the average net energy values of 
the feeding stuffs used in these experiments are as follows: 


Net energy values of feeding stuffs per kilogram of dry matter 


Energy 
. Oeous Losses of expended Net 
Feeding stuff. Pos J chemical in feed energy 
TSy. energy. consump- values. 
tion. 








Calories. Calories. Calories. Calories. 








IAG Ae esis bose cpediedsen Sa ATS | 4,518 2, 664 782 I, 072 
2: re | 4, 462 2, 461 962 I, 039 
PU IY 6.0505 3:26 onset oy Seis emcees 4; 393 2,479 |. 980 934 
OG Ae eee ee oer e 4; 372 2,451 I, 169 752 
CO re re ree 4; 332 2, 380 1, 065 887 
ee ee ke eee 4, 442 , 10s I, 434 1, 893 
NO 5 oss a banare date nie swine 4) 532 2,021 1,177 I, 334 
Stein MINCE NO: 1... ces cece 4, 685 I, 621 T,327 Tt, 737 
<Sraun marcture NO: 2. 2... csc cea ss 4, 609 I, 620 I, 141 1, 848 
RRR MOD 55s 0.d)8.5:5, 60. Tinle Seminar Sk 4, 709 1, 187 T, 365 2,157 








@ Includes alfalfa meal. 


Kellner’s results when put into the same form are as follows: 
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Net energy values of feeding stuffs per kilogram of dry matter: Kellner’s results 

















| 
: ; Energy 
’ . Osses 0 expended Net 
Feeding stuff. Pra mn chemical in feed energy 
gy: energy. consump- values, 
tion. 

| Calories. Calories. Calories. Calories. 
MUN NOS os ces ce deeeseanecweraes 4; 433 2, 260 I, 254 919 
ME MEI ir eks ane. eeu de Cee er es 4, 430 2, 848 I, O14 574 
WHSIENO OIENO 9 occ cevienes dantcer ccnemeds | 4) 444 3, 062 1, 138 244 
Pea ee er | 4,147 I, O13 T, 160 1,974 
GNM NAG Cedi. covered cosewenane Fuaisieccpaciveds ade wate I, 045 803 
NEO ata os cian waeinngnnchmegeel Sscatstanwhes Sndiedawne 958 747 
SS FEEDER | Ae Sachin gicwnan 877 747 
CRON EY Fe. Cnntunceseiernenuung Sa arierne daa ierecensay 932 811 
alee A eee | 4, 152 | I, 101 1, 248 1, 803 
OMRON go ick LiewaKadcids uma ewes | 9, 457 4, 165 15927 3, 505 
eee eer 5,579 1,974 2,096 I, 509 
RMS SUNN. Si c's Scareauecunwcextes | 3, 743 045 988 1, 810 








@ As estimated on page 478. 


Very striking is the relatively low value for alfalfa hay, due in part to 
somewhat large losses in the excreta but chiefly to its marked effect in 
stimulating the metabolism. It is needless to add that this loss does not 
affect its special value as a source of protein, but as a source of energy it 
appears to have been distinctly inferior to timothy hay or even to maize 
stover. 


APPLICATION OF RESULTS TO OTHER FEEDING STUFFS 


It is obviously impracticable to apply the laborious methods of respi- 
ration and calorimeter experiments to all the vast number of feeding 
stuffs now in use. It is necessary to select a few typical representatives 
of different groups and to endeavor to apply the results obtained as 
well as possible to other similar materials. This Kellner sought to do 
in his later and as yet unpublished experiments. In the practical appli- 
cation of his results, however, Kellner failed to free himself from the 
older point of view. Aside from what seems to us the unfortunate and 
unnecessary concession to established usage involved in expressing energy 
values in terms of matter, he approached the whole problem, as was 
quite natural, along the lines of the prevailing chemical methods. Deter- 
mining first the net energy values of the simple nutrients, he applied 
these values to the digestible nutrients of feeding stuffs and found that 
in most cases the resulting energy values were materially higher than 
those obtained by direct experiments on animals. In the case of coarse 
fodders this deficit in the observed energy values was found to be approxi- 
mately proportional to the total content of crude fiber, and by subtracting 
from the computed energy value 1.36 Calories per gram of total crude fiber 
results were obtained corresponding fairly well to those directly observed. 
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For finer materials like chaff, presumably requiring a less expenditure for 
mastication, 0.70 Calorie per gram of total crude fiber is deducted. For 
green forage containing 16 per cent or more of crude fiber the same 
deduction is made as for dry forage and for that containing 4 per cent or 
less of crude fiber, the same as for chaff, while between these limits a 
sliding scale is used (24, 1905, p. 593-594). For concentrates a factor 
(Wertigkeit) is estimated from the direct results on similar feeds by 
which the energy value computed from the digestible nutrients is multi- 
plied to obtain the actual value. 

The method of computation just outlined is not only somewhat com- 
plicated but is essentially based on the older view which regarded the 
feed in the light of a source of matter to the body. The digestible pro- 
tein, carbohydrates, and fat are still the basis of the calculation, although 
certain more or less empirical corrections are applied to their computed 
effects. The energy content of a feeding stuff, however, is just as definite 
a quantity as its content of protein, carbohydrates, or fats, and it is 
entirely possible to trace the distribution of that energy in the body 
quite independently of any knowledge of the chemical composition of 
the materials. Not only so, but we believe that in discussing energy 
values there are distinct advantages as regards simplicity, and perhaps 
also as regards accuracy, in cutting loose entirely from the conventional 
data regarding chemical composition and digestion coefficients, as has 
been done in reporting our experiments on preceding pages, and in dealing 
directly with quantities of energy. 

In making this statement we would by no means be understood to 
stigmatize comparisons based on chemical methods as either valueless 
or superfluous. The problems of nutrition are too complex and too 
difficult for us to refuse any light that can be thrown on them by any 
method, and the energy relations touch only one phase of them. The 
point is that in whatever degree their energetic aspects can be separated 
from their chemical aspects, to that extent we possess two independent 
methods of approach to them. 


COMPUTATION OF NET ENERGY VALUES 


The computation from the results of metabolism experiments or from 
the data of ordinary feeding tables in the manner just indicated of the 
net energy value of a feeding stuff which has not been the subject of 
direct experimental investigation with the respiration apparatus or 
calorimeter may be made a comparatively simple matter. The net energy 
value is equal to the metabolizable energy minus the energy lost as heat. 
It was shown on pages 450-451that the metabolizable energy may be deter- 
mined experimentally without special difficulty and with a good degree 
of accuracy by means of the ordinary metabolism experiment in which 
the energy of the feed, feces, and urine is directly determined and that 
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of the methane estimated from the amount of carbohydrates digested. 
When this is not practicable, it was further shown that the metabolizable 
energy may be estimated from the total digestible organic matter by the 
use of the factors given on pages 451-453. In one or other of these ways 
it is not difficult to compute approximately the metabolizable energy of 
the more common feeding stuffs, while the subtraction from this of the 
average energy expenditure due to feed consumption will give the net 
energy value. ‘To illustrate, E. W. Allen,’ gives the following data for 
average alfalfa hay, oat straw, and wheat bran: 


Percentage of dry matter and digestible food ingredients of feeding stuffs 











Alfalfa Oat Wheat 

ay. straw. bran. 

TOUIN EY BHAUEY. 5565 i lots s ee cas riuee QUO 90. 8 88. 5 

Digestible: 

NN ho M5 6 ott ade ta be hag eeenes -« 10:68 I. 20 12. OI 
VER VONNNURS oc hcceascddnenne anes Poiesiedin elle yaaa ee 38. 64 41. 23 
NR de do ae oak idles Ave e denies Deas ach eee ee es 1. 38 0. 76 2. 87 
ROME CHEMIN oe. oaKiee adenine raruens ... 49. 29 40. 60 56. 11 


The sum of the digestible protein, carbohydrates, and fat equals, of 
course, the total digestible organic matter, irrespective of its chemical 
composition. Each gram of digestible organic matter, according to the 
averages on pages 451-453, would contain 3.5 Calories of metabolizable 
energy in the coarse fodders and 3.9 Calories in the bran. The average 
losses of energy in heat production per kilogram of feed would be the 
amounts shown on page 482 reduced to the average water content of 
the feed, as follows: 

PE ee So 5s os crac s heer eee ewe wned OKs ....+++I,169X0.916=1,071 Calories. 


Oat straw ......5.5.5. ee (Adee vetecarerenee 1,014 X0.908= g2t Calories. 
WOE RID 02-5 wanes Tica Heuate Uere eae alain erect e aoutee der 1,138 X0.885=1,007 Calories. 


The computation of the net energy values is therefore as follows: 


Alfalfa hay (3.5 Calories X 492.9) —1,071 Calories=654 Calories per kilogram=29.7 T. 
per 100 pounds. 

Oat straw (3.5 Calories 406.0)—g21 Calories=500 Calories per kilogram=22.7 T. 
per 100 pounds. 

Wheat bran (3.9 Calories X 561.1) —1,007 Calories=1,181 Calories per kilogram=53.6 T. 
per roo pounds. 

The methods of computation just illustrated are perhaps open to the 
charge of being to a degree summary and empirical. The idea of basing 
such computations on the energy values of the single ingredients may 
be fundamentally more scientific, but unfortunately at present it is 
an impracticable ideal on account of our deficient knowledge of the 
chemistry of feeding stuffs and of the physiological values of their in- 
gredients. While investigation along both these lines is highly important 
and desirable, yet for a long time to come the data on which to base the 
practice of stock feeding will have to be obtained by more direct even 





1 Allen, E. W., The feeding of farm animals. U.S. Dept. Agr. Farmers’ Bul. 22 (rev.), p. 8-9. 1901. 
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if less fundamental methods. Kellner’s scheme recognizes this fact and 
his deduction for crude fiber and his factors for relative values (Wertig- 
keit) are at bottom simply a method of applying the aggregate net 
results on typical feeding stuffs to other materials. The method here 
proposed seeks to do exactly the same thing more directly and simply, 
relating the energy content and the necessary deductions to the total 
dry matter or total digestible matter of the feeding stuff, independently 
of its chemical composition. It is true that the data for so doing are 
somewhat meager, but, except as Kellner has utilized unpublished data 
in the formulation of his tables, they are just as abundant in the one 
case as in the other. It is greatly to be regretted that Kellner’s results 
have not yet been published in full. When they become available they 
will doubtless greatly broaden the basis for such computations. 


SUMMARY 


There are reported the results of 76 experiments with the respiration 
calorimeter upon nine steers in which the balance of matter and of 
energy was determined. 

The losses of feed energy from the animal are of two classes: (1) 
Losses of unused chemical energy in the feces, urine, and methane; and 
(2) losses in the form of heat due to the increased metabolism consequent 
upon the ingestion of feed. 

(1) LossES OF CHEMICAL ENERGY.—The losses of energy in methane 
and urine were relatively greater on light than on moderately heavy 
rations. 

Neither the losses of energy in the feces nor the total losses showed a 
distinct relation to the amount of feed consumed. 

Individual differences between animals had no very material influence 
on the losses of chemical energy. 

The losses of energy in methane may be computed approximately 
from the amount of total carbohydrates digested. 

The metabolizable energy per kilogram of digested organic matter 
showed but slight variations within the same class of feeding stuffs. 

(2) LOSSES OF HEAT CONSEQUENT UPON FEED CONSUMPTION.—The 
heat production is notably greater during standing than during lying, 
and the difference is greater on heavy than on light rations. 

The increment of heat: production during standing is affected by the 
individuality of the animal and by the kind of feed consumed. 

An approximate partial analysis of the heat production of the animal 
into its principal factors is attempted. 

The average energy expenditure consequent upon the consumption of 
1 kg. of dry matter is reported for 11 different feeding stuffs. 

The expenditure of energy arising from the consumption of the coarse 
feeds is not on the whole materially greater than in the case of the con- 
centrates. 

The increased muscular work of the digestive organs appears to be a 
relatively small factor of the increased heat production. 

A scrub steer showed a somewhat greater increment of metabolism 
consequent upon feed consumption than did a pure-bred beef animal. 
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(3) NET ENERGY VALUES.—A summary of the average net energy 
values obtained in these experiments for 11 different feeding stuffs is 
given. 

A simple method is outlined for computing net energy values, in the 
absence of direct determinations, from metabolism experiments or from 
the data of ordinary feeding tables. 
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AIR AND WIND DISSEMINATION OF ASCOPORES OF 
THE CHESTNUT-BLIGHT FUNGUS 


By F. D. HEALD, M. W. Garpner, and R. A. STUDHALTER, Agents, Investigations in 
Forest Pathology, Bureau of Plant Industry! 


HISTORICAL INTRODUCTION 


Wind dissemination of the chestnut-blight fungus (Endothia parasitica 
(Murr.) And.) was first suggested by Murrill (13)? in 1906, although he 
apparently had only the pycuospores in mind, as is shown by the follow- 
ing quotation: 

Later the fruiting pustules push up through the lenticels and give the bark a rough, 
warty appearance; and from these numerous yellowish-brown pustules millions of 
minute summer spores emerge from day to day in elongated reddish-brown masses to 
be disseminated by the wind and other agencies, such as insects, birds, squirrels, etc. 

A few years later, in a discussion of the means of spreading the disease, 
Hodson (9) says: 


Wind is probably the principal agency, but the spores are no doubt carried by ani- 
mals, birds, insects, and by shipment of infected material. 


He also cited some observations to substantiate the wind-dissemination 
theory, but it was not brought out clearly whether he had in mind the 


ascopores or the pycnospores only. A similar opinion is expressed by 
Mickleborough (12) a little later. After speaking of both the ascopores 
and the conidal, or summer, spores, he states: 


The minute spores are carried by the wind, on the feathers of birds, and the fur of 
squirrels. 


Referring to the spore horns, Mickleborough writes: 


These threads are dissolved and washed away by the rain and the spores are blown 
about by the wind. 


There are two possible ways in which pycnospores might be dissem- 
inated by the wind: First, by the direct transport of spore horns or small 
fragments of these structures; second, by the transport of dust particles 
bearing spores previously washed down by rains. 

Fulton (4) reports experiments which indicate that the former method 
of transport of pycnospores is of little importance in the spread of the 
disease. He concludes his discussion of this topic with the following 
statement: 


It seems likely the detachment was largely of small bits of the tendrils made up of 
large numbers of spores, and that these are too heavy to be carried great distances; 





1 The writers received valuable assistance in this work from Mr. R. C. Walton, also an agent, Investi- 
gations in Forest Pathology. 
2 Reference is made by number to “ Literature cited,” p. 525-526. 
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and suggests that under natural conditions infection may be spread short distances 
by the wind. 

The second possibility is brought out by Metcalf and Collins (11), as 
may be noted in the following quotation: 

As both kinds of spores appear to be sticky, there is no evidence that they are trans- 
mitted by wind except where they may be washed down into the dust and so blown 
about with the dust. 

While it has not yet been demonstrated that pycnospores are carried 
in this way, the tests of Heald and Gardner (7) on the longevity of pycno- 
spores in soil give added plausibility to the theory, since these spores were 
found to persist in the soil between periods of rain and were able to 
withstand complete desiccation in the laboratory for months. 

Attention was first directed to the strong probability of wind dissem- 
ination of ascopores by Rankin (14), who reported their forcible ex- 
pulsion. In a later report the same writer (15) makes the following 
statement: 

Under moist conditions the ascospores are shot forcibly out in the air where they 
can be caught up by the wind and carried for a considerable distance. The speaker 
found ascopores being shot from mature pustules during every rainy period last sum- 
mer. * * * The question at once arises, Why could not these ascospores once shot 


into the air be carried long distances and, owing to their abundance, cause a large 
majority of the infection ? 


After carrying out field experiments during the summer of 1912, 
Rankin (16), referring to ascospores, says: 

They are shot out in vast numbers with every rain during the summer and are 
carried by the wind. 

Detailed field work on dissemination was carried out by Anderson (1) 
and his assistants for the Pennsylvania Chestnut Tree Blight Commission 
(2). These publications confirm the statement of Rankin that expulsion 
of spores takes place only when the pustules are moist. The seasonal 
duration of shooting under natural conditions was not determined, as the 
field tests were confined to the month of August. Under artificial con- 
ditions in the laboratory, the time required for moistened bark bearing 
perithecia to begin the expulsion of spores was determined, the ‘shortest 
time recorded being three minutes. 

The duration of the shooting period following a rain was determined 
by artificial tests in either the field or laboratory, performed by soaking 
the specimens or drenching cankers with water. The maximum dura- 
tion recorded was five hours and two miniutes. While these tests under 
artificial conditions gave suggestive results, they were not necessarily a 
reliable indication of what would happen under natural conditions. 

It was also determined that bark kept constantly moistened continued 
to expel spores for a maximum period of 25 days, and the point was 
emphasized that no continuous rainy weather would be longer. The 
fact that ascospores expelled during a rain would be washed down to 
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the ground without being carried any appreciable distance is not men- 
tioned. Since they germinate at once in rain water, the great bulk of 
such spores would be lost for anything but very local infections. The 
really important point would appear to be the length of time shooting 
continues after a rain ceases, for at that time the conditions of the atmos- 
phere would be such as to favor a wider dissemination. This question 
does not seem to have been satisfactorily answered. The data given on 
height and horizontal distance of projection, as well as the rate of expul- 
sion, certainly indicate the importance of wind transport of spores 
following rainy periods. 

The spore content of the air was studied by means of aspirator tests 
and exposure plates. In this work, carried out during dry weather, 
Anderson and his assistants failed to get positive results under natural 
conditions in the field. They report the use of over 100 exposure plates 
and tests of 500 liters of air without finding a single spore of the chestnut- 
blight fungus. Tests made of aspirated air and by exposure plates gave 
positive results, however, when the cankers were artificially drenched 
with water. For the aspirator tests the horizontal distances of the 
aspirator opening from the canker varied from 2 inches to 5 feet (?) and 
the maximum vertical distance was 22 feet. 

The tests made by exposing agar plates under artificial conditions in 
the field again pointed to the probability of wind dissemination, but one 
is forced to admit that they were not conclusive, since the conditions 
were so different from the natural in that the cankers were drenched 
with water artificially instead of waiting for a rain. The results with 
exposure plates may be summed up as follows: No spores of the chestnut- 
blight fungus were obtained under natural conditions in the field during 
dry weather; by the use of artificially drenched cankers spores were 
obtained at distances varying from 1 inch to 51 feet, with very few at 
the maximum distance. 

The final and most conclusive argument in favor of wind dissemination 
in the minds of the authors cited was afforded by inoculations made by 
offering an opportunity for wind-borne spores to be introduced into 
wounds. There is little doubt in the minds of the writers of this paper 
that infection did take place in the way claimed, but it should be pointed 
out that a covering of cotton would not prevent spores from being washed 
into the wounds by rains (6). A fairly compact mass of cotton has been 
shown to retain but few of the pycnospores present in water passing 
through it. It must therefore be admitted that, under the conditions 
of the experiments reported, infection by spores washed down by rains 
was one of the possibilities. 

It is interesting to note in this connection that Kittredge (10), as a 
result of field observations on the spread of the disease around a center 
of infection, arrives at the following conclusion: 


The location of infected trees in partially infected groups of sprouts shows that 
wind is not the prime factor in the distribution of the spores. 
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The author admitted, however, that the observations reported were 
rather meager in support of this conclusion. 


PURPOSE AND SCOPE OF PRESENT WORK 


Since most of the previous work on wind dissemination of the chest- 
nut-blight fungus which yielded positive results was done under artificial 
conditions, it was the aim of the present writers to study the problem 
under absolutely natural conditions. Briefly stated, the purpose of these 
tests was to determine whether or not, and if so, to what extent, wind ! 
acts as an agent in dissemination of the spores of this fungus. It was 
also the object of the work herein recorded to ascertain at what particu- 
lar times under natural conditions spores of Endothia parasitica are preva- 
lent in the air, the possible distances transported by the wind, and the 
kind of spores (whether ascospores or pycnospores). 

The locality chosen in which to conduct our tests was a 4-acre plot of 
native chestnut (Castanea dentata) coppice near West Chester, Pa. The 
trees in this plot ranged from 4 to 8 inches in diameter and all were badly 
infected with the chestnut blight, many having already succumbed. 

In these tests, which covered a period of 36 consecutive days during 
August and September, 1913, four methods were employed in studying 
the points in question. To determine the prevalence of spores of En- 
dothia parasitica in the air at particular times and places a series of 756 
exposure plates was made. The occurrence of ascospore expulsion was ' 
detected and its exact period of duration ascertained by the examina- 
tion of ascospore traps in the shape of object slides supported over peri- 
thecial pustules on the trees. The number of spores present in the air 
was determined quantitatively by the aspirator method. Rather pro- 
longed exposures of water spore traps, consisting of sterile water in dishes, 
were made to secure additional information as to the kind of spores in the 
air, the periods of occurrence, and the distance transported. 


EXPOSURE-PLATE TESTS 


In testing the spore content of the air among diseased trees in the 
field for the presence of spores of Endothia parasitwa the exposure of 
sterile poured plates of chestnut-bark agar proved to be the most satis- 
factory method. The use of chestnut-bark agar? was found advan- 
tageous, since this medium inhibits the development of bacterial colo- 
nies and retards the growth of rapid-growing fungi, spores of which are 





1 Falck has pointed out the importance of convection currents in the dissemination of ascospores. (Falck, 
Richard, Uber die Luftinfektion des Mutterkornes (Claviceps purpurea Tul.) und die Verbreitung 
pflanzlicher Infektionskrankheiten durch Temperaturstrémungen. /n Ztschr. Forst-u. Jagdw., Jahrg. 
43, No. 3, P. 202-227, 4 fig., 1911.) For this reason we have used the word “air’’ in the title of the present 
paper. 

2 Chestnut-bark agar was made according to the following formula: Add 50 gm. of finely chopped or 
ground air-dry chestnut bark to 1,000 c. c. of distilled water and boil for 15 minutes. Filter through 
cheesecloth or absorbent cotton and add water to make up to 1,000 c.c. Add 15 gm. of agar and boil unti] 
the agar has melted; then cool to 60° C. or under, clear with the whites of two eggs, filter, and sterilize in 
the autoclave. 
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present in the air. At the same time the growth of E. parasitica on this 
medium is vigorous and characteristic. 

As supports or stations on which to expose the plates, it was found con- 
venient and satisfactory to make use of the numerous large flat-topped 
stumps scattered throughout the coppice stand of diseased trees. To 
facilitate the recording of data, all of the stumps used were numbered with 
crayon and carefully described and located with regard to surrounding 
trees (fig. 1). Here it may be mentioned, however, that other supports, 
such as the top rail of a fence or the top of a stake driven into the ground, 
were used in case of emergency attendant upon certain weather conditions. 
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Fic. 1.—Map of chestnut coppice growth at West Chester, Pa., in and near which the experiments on wind 
dissemination of the chestnut-blight fungus were carried out. 


The stumps, rails, and stakes used for this purpose were all of such an age 
or nature that they were entirely free from lesions of the chestnut blight. 

Under conditions of ordinary fair weather the routine followed in 
making the exposures was similar throughout the tests. Plates were ex- 
posed at the rate of one about every half hour during the day, and the 
average length of exposure was about 5 minutes for each plate during the 
first 18 days. Then it was found advisable to lengthen the time of expo- 
sure, and thereafter 10 minutes, more or less, was the usual time allowed. 
Wind direction determined what stations were utilized each day, since an 
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effort was usually made to expose plates at stations where there were 
many diseased trees to the windward. 
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Fic. 2.—Map showing the location of some of the important outlying exposure-plate stations. Station 51 
is at the corner of tne plot represented in figure 1. 











During wet weather the routine was often varied considerably, espe- 
cially just after the cessation of a rain. At such times plates were often 
exposed in more rapid succession, even to the extent of exposing several 
in different locations at about the same time. 
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An anemometer was erected in the experimental plot, and from the 
successive readings of this instrument the wind velocities were computed. 
Continuous records of temperature were secured by means of a thermo- 
graph located in a standard instrument shelter near the plot, and by use 
of a rain gauge the exact rainfall in inches was determined. As com- 
plete data as possible were also secured relative to the exact duration of 
all rains. 

In describing and locating the stations used for exposure plates, meas- 
urements were made to the nearest distased trees and to the nearest 
lesions, the horizontal distance being recorded. To supplement the de- 
scription, detailed topographic maps were made, showing the location of 
each station (figs. 1 and 2). 

The exposed plates were incubated at room temperature, and two rec- 
ords were usually taken. First, at the end of three days after exposure 
all fungous and bacterial colonies visible were marked and counted, and 
those suspected of being Endothia parasitica were especially noted. After 
six or seven days of incubation the final record on each plate was taken. 
This included the total number of fungi, the number of bacterial and yeast 
colonies, and the number of colonies of FE. parasitica, if any were present. 
In case of doubt as to the identity of the latter, owing to crowding by 
other colonies, transfers were made to 3 per cent dextrose agar, on which 
medium the growth of this fungus is even more characteristic than on 
chestnut-bark agar. 

The results obtained in the exposure-plate tests are presented in a 
somewhat summarized form in Tables I and II. 


TABLE I.—Summary of exposure-plate tests at West Chester, Pa., in 1913, giving number 
of fungous colonies caught 























Num- Number of fungous | Total 
ber Length of Total | colonies in any oe Total number 
Date of of | exposure time | Rain- } number of, of 
cultures. plates | for each repre- | fall. : may fungous | colonies of 
ex- plate. sented. | Maxi- Mini- | colonies. | Endothia 
posed. | mum, | mum. | parasitica. 
! 
a |---| -_—---} ee = ae 
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TABLE I.—Summary of exposure-plate tests at West Chester, Pa., in 1913, giving number 
of fungous colonies caught—Continued 




















Num- ‘ Number of fungous | Total 
ber Length of Total colonies in any plate.) Total | number 
Date of of exposure time Rain- number of of 
cultures. | plates for each repre- fall. fungous | colonies of 
ex- plate. sented. Maxi- Mini- colonies. | Endothia 
posed. mum. mum, parasitica. 
Minutes. a. ith Inches. 
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11..| 18] 9% to144%|13 19%] 0 25 ° 118 ° 
ct | 5 to14 3 12% ho { 41 I 121 ° 
13... 19] 7 tor 13 5% |frOS 73 2| 332 ° 
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@ From wind-blown bark fragments. 


TasLE II.—Detailed record of all exposure plates in which spores of Endothia parasitica 
were caught at West Chester, Pa., in 1913 
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@Stumps more or less overhung by diseased sprouts. 
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TaBLE II.—Detailed record of all exposure plates in which spores of Endothia parasitica 
were caught at West Chester, Pa., in 1913—Continued 
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47900 |..... Mes kas ceed . 26 2 19 13 II 4 
AIOE Veoncwc Re canesteatantire’ . 26 2 35 II 7 5 
ys S| Seamer OP eee rere . 26 2 48 II 154 2 
Po ore OE ce krucetevnes . 26 2 54 12 a4% 2 
BIOG bso Meee acteecvedaccs . 26 3 325 II 15% 2 
GIDO 0.50/53 We epecena tierce . 26 2 th II 1744 I 
A707 [ences We cv skvacncasnen . 26 3 58 10% 16 I 
Cl Bee WR ca ned des wale . 26 9 4 134 ay I 
56x60 |...... Ee OEP LOC TICES . 26 Ir 19 II a2 I 
SOIG'| DOPE. TOs coc c ccc. e. - 68 I 23 11% 4% 2 
S600 T....6.< Ges ncevexcaweews . 68 2 7 12% 27 I 
Co a Geer rere etre . 68 6 4 114 a2 I 
Cn eee C1 eRe ecer re . 68 s 12% a5 I 
SORE Face as PCr reer e . 68 10 5 10% as I 
6OaF Pictu GO... .. 0... 000s. . 68 12 7 1314 27 I 
BOAT. | SOEs Me sc csc cwass - 09 I 55 16 217 10 
S049 |... NBR catecneticee cae . 09 2 Oo 13 195 7 
6043 }..... We onis sneer aes . 09 2 I 14 «| IIo 4 
8084 [6.5.0 Aes sectceecucnd - 09 2 8 12% | 27 22 
SORE fe 6. Ce POR Tee . 09 2° 19 124% 85 II 
6OAB b. 6.500 Me aaiumeeeed . 09 2 23 15 | 180 7 
SORF Ya c's Os ssci caccttueere es . 09 2 25 15 237 bf) 
5OGS |. <0 Ct EI EERE . 09 2 45 13% 7 6 
S040 |. 5+ en encslcackend: . 09 3. «2 114 II 7 
GOR fawn es STEER OLE CCE PET 09 s # 13 II 3 
CO a ene Gi codvcceginae . 09 3 45 1634 86 I 
[eee cae iae wa niv cede - 09 4 29 10 4% I 
Ce Beer er ee eee . 09 5 4 134 5 I 
SO0G | CEM AE ec ccs ccc C, 35 ° 14% 19 12 
BORO be 5:4 ie ctcrerisaxtok «38 5 10% 17% 20 
Co ee Garcusrccetadas - 08 15 20 17! 62 
GOS Foc ec | UEC eT Cee - 08 17 19 19 24 
SS Gee een eae . 08 44 134 17% 19 
GOTH fe on. Oe sive etvences . 08 56 15% 14 I 
Co) | eee ODE sc iiciacad enced . 08 I I 12 7 2 
Ce ee CN déctire cruise €.07 20 14% 19 20 
SOOM [ WOM e BF svc: c's 5 v0 060s ee 6 Oo 16 77 I 
te omen COiicscvcccneccnes 73 6 30 15 1% I 




















@Stumps more or less overhung by diseased sprouts. % From fragments of bark. ¢ Approximately. 


To supplement the tables, it may be well to give in chronological order 
a more detailed record of the actual routine pursued. 


A rain occurred the night previous to Augiist 19, and examination of 
the ascospore traps (see ‘‘Ascospore-trap tests’) showed that abundant 
expulsion of ascospores had occurred. But when the first plates were 
exposed too long a time had evidently intervened since the rain, as no 
positive results were obtained, except that one colony of E-ndothia para- 
sitica developed in a plate exposed in the early afternoon. 
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The next two days were fair, and as was expected for these weather con- 
ditions, no spores of this Endothia were caught. In the evening of August 
22 there was a rain of 0.25 inch; 6 plates, therefore, were exposed early 
the next morning before the sun had dried the vegetation. Although 
the ascospore traps gave evidence that expulsion had occurred, no posi- 
tive results were obtained, which is explained by the fact that again too 
long a time had elapsed after the rain ceased. 

Dry, hot weather now continued until the afternoon of August 27, and 
the exposure plates yielded no evidence of the presence of spores of Endo- 
thia parasitica in the air. In the afternoon of August 27, however, two 
thunder storms occurred, in consequence of which the regular routine 
was departed from. ‘Tables II and III show the outcome of the tests of 
this date. After the first storm two sets of plates were exposed in the 
course of an hour and a half. ‘Two out of the second set yielded colonies 
of E. parasitica. Since the ascospore-trap tests (Tables X and XVII) did 
not give evidences of expulsion occurring when the first five plates were 
exposed, negative results were to be expected in those plates, and it is 
not surprising that only two out of the second set of seven plates yielded 
colonies of E. parasitica when the 19 ascospore traps examined for this 
particular period showed evidence of expulsion from only one perithecium. 
The meagerness of these results is partially accounted for by the small 
amount of rain, rapid drying, and the fact that the perithecia had hardly 
been wet a sufficient length of time. 


TABLE III.—Record of exposure plates made on August 27, 1913, at West Chester, Pa. 


BEFORE RAIN, 


| ae | vind. | Number off ‘otal Number of 
Length of| Station | bacteria teens colonies of 
exposure, No. | ee ities per and Endothia 

| 10ur, yeasts. parasitica, 
Minutes. | 
SW. 
SW. 
SW. 
SW. 
SW. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 





Time. number 


of fungi. 





4359 | 8.35 a. 
4300 | 9.09 a. 
4301 | 9.32 a. 
4362 | 10.03 a. 
43603 | 10.29 a. 
4304 | 10.57 a. 
4365 | 11.344. 
4366 | 11.57 a. 
4367 | 1.16 p. 
43608 | 1.39 p. 
4369 | 2.09 p. vee 
437° | 2-45 P- 
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TABLE III.—Record of exposure plates made on August 27, 1013, at West Chester, 
Pa.—Continued 


RAIN NO. 2 (0.055 INCH, 5.35 TO 5.50 P. M.) 











l j l 
| Wind. 
ni Is Number of Total Number of 
Plate 7 | Length of | — n wpe | bacteria a colonies of 
No Time. le posure. | i number Endothiz 
s I | Mine Der | - of fungi. | “Gothia 
| Direction.| | yeasts. | parasitica. 
_—_— — ee mal a | — | 
| | ~ | | 
Minutes. | | | 
4383 | 6.08 p. ed 6% | 3 NW. | I. 2 ° | 30 16 
4384 | 6.10p.m..... | 6 | 1; NW. I. 2 | o | 25 21 
4385 | 6.12 p.m.....| 8 | 16 NW. | I. 2 2 | 7° 33 
4386 | 6.23p.m.....) 5 | 6 N. | J | o | 25 20 








The second shower on August 27 took place late in the afternoon, and 
though the precipitation was light, the cumulative effect of this rain upon 
that of the preceding one caused abundant expulsion of ascospores. The 
four plates exposed within about half an hour after this shower yielded 
colonies of E. parasitica in such numbers as to prove beyond doubt that 
the ascospores were at that time very prevalent intheair. The ascospore- 
trap tests for this period (Tables X and XVII) showed that, although out 
of the 14 examined only 1 bore any evidence of spore expulsion during 
the first 15 minutes after the cessation of the rain, 12 out of 14 showed 
expulsion of ascospores during the time in which the plate exposures were 
made. The sun had gone down, and the weather conditions following 
this storm were not conducive to the rapid drying of the bark. The results 
of this date were the first evidence secured which indicated beyond 
doubt that ascospores of Endothia parasitica are disseminated by wind 
under natural conditions. 

During the dry, hot weather of August 28 evidently no sporesof Endothia 
parasitica were present in the air, nor were any detected on August 29. On 
this date the humidity was high and cloudiness prevailed, accompanied 
by traces of rain insufficient to cause ascospore expulsion. As there was 
a rainfall of 1.10 inches in the evening of August 29, several plates were 
exposed in rapid succession the next morning, but no spores were caught. 
This failure is attributed to the fact that once more too long a time had 
passed since the rain ceased, and spore expulsion, though probably abun- 
dant in the night, had no doubt ceased long before the first exposures were 
made. Throughout the following week there was no rain, and no ascopore 
expulsion occurred at any time, 

For the night previous to ptember 8 a rainfall of 0.37 inch was 
recorded, the time of cessation being prior to 1.30 a. m. The ascopore 
traps gave evidence of plentiful spore expulsion. Between 6.27 and 8 
a. m. eight exposures were made before the sun had dried the vegetation 
and while the bark was still wet in places. Three of these plates yielded 
colonies of Endothia parasitica, and as two of them were exposed at sta- 
tions more or less in the open, it would seem that ascospores were at that 
time prevalent in the air to some extent. The third plate and also five 
others exposed at later intervals during the day each yielded one colony 
of E. parasitica. 

Of the plates exposed on September 9, a dry, hot day, two in the morn- 
ing also yielded one colony each of Endothia parasitica. During the dry 
weather of September 10 and 11 negative results were obtained. 
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Cloudiness prevailed on September 12, with traces of rain insufficient to 
cause spore expulsion. In the night less than one-tenth of an inch of rain 
fell, and subsequent examination of the ascospore traps showed that very 
light ascospore expulsion had occurred. Five plates were exposed before 
8 o’clock the next morning, but the bark was dry at the time and no 
spores were obtained in any of the plates exposed that day. Three days 
of clear, hot weather followed, and no spores were caught. Of the plates 
exposed on September 17, two yielded one colony each of the fungus. 

In the evening of September 17 a series of rains began, occurring 
usually in the night. Our most important positive results were obtained 
from tests made following these rains. Tables II and IV give the results 
of the plates exposed on September 18. Although the rain ceased before 
4a. m.,a heavy fog prevailed in the early morning, there was only a trace 
of wind, and it was more or less cloudy all day. Because of these condi- 
tions the bark of the trees was slow in drying, and examination of the 
ascospore traps (Tables XI and XVII) showed that abundant spore 
expulsion had occurred in the night and was still in progress while the 
first four exposure plates were made. A few of the traps gave evidences 
of the continuation of expulsion during the time in which the next 11 
plates were exposed. Six of these yielded colonies of Endothia parasitica 
in varying numbers, and two exposed much later in the day also showed 
one colony each. 


TABLE IV.—Record of exposure plates made on September 18, 1913, at West Chester, Pa. 





Wind. 
Number of Total Number of 
Lengthof| Station aes ————-| bacteria wane colonies of 
exposure. No. and ohn Endothia 
yeasts. 81. | parasitica. 


Plate Time. | 
o | Miles per 


Direction. ease 


| 
| 


} Minutes. | 
| §.51 a. cabs 9% 
5.54 a. 10 
6.00 a. Io 
| 6.19 a. 13 
| 6.35 a. II 
| 6.48 a. II 
| 6.54 a. 12 
7.02 a. 1014 
7.25 a. II 
7.34 a. II 
7.58 a. 10% 
8.04 a. 1034 
8.29 a. 10 
9.20 a. 12% 
9-49 a. II 
T0850. M.... 1014 
10.540. .... I2 
£3.990,:....} 22 
12.65 0.10;..<] 22% 
i140. Ml... 13% 
fa Pes <..:. 1014 
t§ Pp 10% 
2.40 p. 15 
3.19 p. II 
46D: WM... II 
.16 p. | 39% 
.44 p. 114 
.23 Pp. 1034 
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« Rainfall, night previous, o.26inch. Time of cessation, prior to 4 a. m. 6 Numerous. 
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In the night of September 18 a rain of 0.68 inch was recorded, the 
time of cessation being the next morning before 3.45. Fog again pre- 
vailed all day September 19 and a noticeable spray fell until 5.38 a. m. 
and began again after 2.41 p. m. Ascospore-trap tests (Tables XII and 
XVII) showed that in ro out of the 17 traps examined there was spore 
expulsion after 7.35 a. m. Of the eight plates exposed prior to this 
time but two yielded colonies of this Endothia. The first three plates 
were exposed in an open field at considerable distances from the trees 
(fig. 2, stations 41, 42, and 43) in the same direction toward which the 
wind was blowing, but no spores of E. parasitica were caught. These 
negative results may be accounted for by the action of the falling mist. 
Later in the day four exposures at various intervals yielded one colony 
each of the chestnut-blight fungus. 


TABLE V.—Record of exposure plates made on September 20, 1913, at West Chester, Pa.4 





























P hssones Number of] 4,1 |Number of 

ee) one see a | gear |e 
Direction. a yeasts, | f fungi. | parasitica, 

Minutes. | 

5041 | 5.50a.m..... 16 44| NE. 2.6 ro) 12 10 
§042 | 5.55 a.m..... 13 45| NE. 2.6 ° 9 7 
5043 | 5.50a.m..... | 14 40| NE. 2.6 ° 10 4 
5044 | 6.03 a. m..... | 1234 5st | NE. 2.6 ° 23 22 
5045 | 6.14a.m..... 12% 47 | NE. 2.6 ° 14 Ir 
5046 | 6.18 a.m..... 15 48 | NE. 2. 6 ° 9 7 
5047 | 6.20a.m..... 15 49 | NE. 2. 6 ° II 10 
5048 | 6.40a.m..... 134 11 | ENE. 2. 6 ° 6 6 
5049 | 7.07 a. m..... 11% 1] ENE. 2.6 ° 9 "7 
5050 | 7.32. a.m..... 13 9 | ENE. 2.6 ° 6 3 
§051 | 7.40a.m..... 1634 50 | ENE. 2.6 ° 6 I 
5052 | 8.24a.m..... 10 6| ENE. 2.5 ° I I 
§053 | 9.09 a. m..... 13% 8 | ENE. 2.5 ° I I 
5054 | 9.37 a. m..... 14% 27 | ENE. 3.0 5 II ° 
5055 | 10.01a.m....| 1434 6| ENE. 2.4 ° 2 ° 
5056 | 10.32 a. m.... 9% 10 E. 2.4 ° 3 ° 
5057 | 11.09 a. m.... 10 29 3 2.6 ° 12 ° 
5058 | 11.44a.m....] 11% 26 E. 2.6 ° 6 ° 
5059 | 12.08 p.m....| 10 10 E. 2.7 ° 2 ° 
5060 | 1.05 p. m..... 14% 30 EB. 29 ° 2 ° 
ROOE | 2:35). M0. ..... 1344 II E. 2.5 ° I ° 
5062 | 2.08 p.m..... 14% 10o| E. 2.5 ° 19 ° 
5063 | 2.36 p.m..... 15% 8 - 4 2 4 ° 
5064 | 3.09 p. m..... 13% 9 E. 2.7 ° I ° 
so6s | 3.42 p. M..... 14 29 E. 2.7 ) 2 ° 
5066 | 4.06 p. m.. 18 23 E. 2.3 ° 4 ° 
5067 | 4.41 p.m..... 12% 12 | ESE. 2.7 ° 4 ° 
5068 | 5.25 p.m.. 12 12| SE. 2.7 3 4 ° 











@ Rainfall, night previous, 0.09 inch. Time of cessation, 3.25 to 3.55 a. m. 


While there was but 0.09 inch of rain in the night of September 19, 
very important results were obtained on September 20. Tables II and 
V give the results secured. Fog prevailed during the entire day, and the 
bark on the trees dried very slowly. Examination of the ascospore traps 
to determine the duration of spore expulsion (Tables XIII and XVII) 
showed that in 8 out of 19 the perithecia were active after 9.18 a. m. 
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All of the 13 plates exposed previous to this time yielded colonies of 
Endothia parasitica. Eight of these exposures were made in the open 
field at varying distances south and west of the plot of diseased trees (fig. 
2), the wind being from the northeast. The distance relations brought 
out by these tests are discussed later. Although five ascospore traps 
showed evidences of the occurrence of spore expulsion after 10.07 a. m., 
no colonies of this fungus appeared in any of the plates exposed after 
9.23 a. m. This indicates that spores were evidently not sufficiently 
numerous in the air after that time to be detected by the exposure- 
plate method. 

The results obtained on September 21, as shown in Tables II and VI, 
bring out again the direct relation of rain to wind dissemination. Two 
plates exposed during a 16-minute interval between showers in the 
early morning yielded colonies of Endothia parasitica in such numbers as 
to prove without doubt that ascospores were very prevalent in the air at 
that time. After the second rain, ending at 8.20 a. m., only the five 
plates exposed within an hour after its cessation yielded colonies of E. 
parasitica, even though 14 out of the 21 ascospore traps examined showed 
that considerable spore expulsion had taken place after 10 a. m. (Table 
XI). However, a south wind of increasing velocity prevailed, and at 9.21 
the sun appeared, causing a marked rise in temperature, so that the bark 
dried very rapidly after that time. Furthermore, the higher wind may 
also have dispersed and scattered the fewer spores expelled thereafter to 
such an extent that none happened to fall into the exposed plates. 


TABLE VI.—Record of exposure plates made on September 21, 1913, at West Chester, Pa. 
RAIN NO. 1 (ABOUT 0.35 INCH, CEASED 6.24 A. M.) 





Wind. J 
| " ae Total |Number of 
| ae bacteria | number colonies of 


. tndothia 
“— per and of fungi. Endoth 
| Direc tion. phe yeasts. parasitica, 


| . 
Time |Lengthof| Station 
i | aaeeeneal No. 


ee ee 





| Minutes. | | 
5069 | 6.23 a.m | 14% | 12 | SSE. 


5070 | 6.30a.m..... 10) | 13 | SSE. 


| 
— i — 
| 
| 
| 
| 
| 











RAIN NO, 2 (ABOUT 0.08 INCH, 6,40 TO 





| 
8.35 a.m... 
8.37 Gs. ns. 

9.04 a. al 

9.16 a. 

9.21 a. 

9.40 a. 

9.43 a. ‘cal 
10.25am....| 
10.268.m.... 
10.46am.... 
12.008.™....| 

12.07 8.M.... 

11.48 a.m. 


| pe 
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TABLE VI.—Record of exposure plates made on September 21, 1913, at West Chester, 
Pa.—Continued 


RAIN NO, 3 (ABOUT 0.03 INCH, 1.43 TO 2.11 P. M.) 





| aie : ‘7 7 ie - 
W . 

| _ Number of! Total 

Lenethel| Station |-—— ~—| bacteria | be 


t | number 
exposure. | No. of fungi. 


Number of 
colonies of 
Endothia 


= | 
Direction.| Miles Per) yeasts. parasitica. 


hour. | 





Minutes. } 
34 13 S| 6. 2 | 8 | 160 


u 








RAIN NO. 4 (ABOUT 0.04 INCH, 2.20 TO 2.50 P. M.) 





| | 
3; Ss. | 
2| S. 


I 
I 

















RAIN NO. 5 (ABOUT 0,03 INCH, 3.26 TO 4.07 P. M.) 


5086A| 4. ; 1934 | 13 
Ty 





5087A} 4. i See 37 
5088 .35 Pp: 10 II 
5089 .55 p- 15 12 
5090 , . 174 II 
5091 CS eee ee 10 


| 
| 
! 

















' 





In the afternoon of the same day three light showers occurred, and 
one plate exposed in the interval after the second of these caught 20 
ascospores. After the first of these showers the exposure was cut too 
short by the recurrence of rain to give a reliable test. It will be seen 
that none of the six plates exposed during the 1 hour and 36 minutes 
after the last shower yielded colonies of Endothia parasitica, despite the 
fact that 6 out of 11 ascospore traps examined (Tables XIV and XVII) 
gave evidence that expulsion had occurred during that period. In 
explanation it may be stated that the wind had attained a higher 
velocity at this time and was blowing quite briskly in the open. It is 
readily conceivable that with such a wind the spores as they were ex- 
pelled might have been transported with such speed and their numbers 
dissipated so rapidly that none chanced to fall on the rather small area 
represented by the exposure plates. 

A rather heavy rainfall was recorded on the night of September 21, 
but it ceased before 12.45 a. m. Examination of the ascospore traps 
showed that there was abundant spore expulsion during the night, and 
5 out of 21 traps gave evidences of the occurrence of expulsion after 
7.30 a. m., on September 22 (Tables XV and XVII). Of the 13 plates 
exposed between 5.56 a. m. and 7.35 a. m. but 2 yielded positive results 
(Table II). No spores were caught in any of the plates exposed there- 
after, even though two ascospore traps bore evidences of the occurrence 
of light expulsion after 11.24a.m. ‘The meager results obtained on this 
date are no doubt due to the long period of time intervening since the 
cessation of rain the night before. 

Clear, hot weather prevailed during September 22 and 23, and no 
spores were caught. 
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The relation of the time elapsed since the cessation of rain to the 
prevalence of ascospores in the air among diseased trees is shown in 
Table VII. 


TABLE VII.—Relation of the time elapsed since the cessation of rain to the number of 
spores falling on an area of I square foot per minute in 1913 at West Chester, Pa. 


PLATES EXPOSED ON SEPTEMBER 18, 1913 





Number of 
spores of 
Number of Endothia 
colonies of parasitica 
Endothia falling on an 
parasitica. area of 
1 square foot 
per minute. 


bin és Time elapsed 
slate since cessa- 
F : tion of rain. 





m. 
51 
54 
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CO HHH HNO RDR 
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3§ 
48 
54 
25 
34 
58 
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PLATES EXPOSED ON SEPTEMBER 21, 1913 





5071 15 62 43- 24 
5072 17 24 17. 62 
5°73 44 19 19. 64 
50°74 56 I 0. OI 
5°75 I 2. 32 
5076 20 
5°77 23 
5078 5 




















An examination of these tables shows that on September 18 the spore 
content of the air decreased more or less gradually during the third and 
fourth hours after the rain, while on September 21 the spore content 
decreased very abruptly and no spores were obtained after the first hour 
following the cessation of the rain. The duration and the abundance of 
the ascospore expulsion on these dates (Table XI) are seen to have 
differed likewise, and a comparison of the weather conditions gives the 
probable explanation, since it was calm and foggy on the 18th and hot 
and sunny with a brisk wind just following the rain of the 21st. Condi- 
tions following the rain on the 18th were such as to prevent rapid drying 
of the bark, so that spore expulsion continued during a much longer time 
than on the 21st, when the bark dried rapidly. Furthermore, the brisk 
wind of September 21 would tend to disperse the spores very rapidly, 
whereas the comparative calm of September 18 would be favorable to a 
more prolonged prevalence in the air near their source. In this regard 
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it should also be noted that on September 20 (Table II), when foggy 
weather followed the rain, spores were prevalent in the air during at least 
five hours after the rain had ceased. 

A glance at the figures representing the number of spores falling each 
minute on a surface equal to 1 square foot shows that during periods of 
one to four or more hours after a rain—in other words, during such time 
as expulsion continues—healthy trees among diseased ones would be sub- 
ject to infection, since some of the ascospores would find lodgment upon 
exposed parts of trunks and branches. 

The results obtained in the early morning of September 20 by making 
exposures in an open field at varying distances from the principal source 
of spores (figs. 2 and 3) are presented in Table VIII. 


TaBLE VIII.—Relation of distance from source of spores to number of spores falling on 
an area of I square foot per minute in 1913 at West Chester, Pa. 





Number of 
Distance spores falling 
Plate No. ‘ime. from source of | on an area of 
spores. 1 square foot 
per minute. 





24. 07 
12. 52 
6. 51 
7.51 
Q. 30 
8.71 




















@ Plates exposed on Sept. 20, rgr3. 


These exposures, all made within about half an hour and in the same 
general direction from the plot of diseased trees—i. e., the direction 
toward which the wind was blowing—show that in a general way the 
number of spores falling upon equal surfaces in equal intervals of time 
decreases as the distance from the source of spores is increased. The fact 
alone that in an open field at rather long distances from diseased trees 
ascospores were prevalent in the air to such an extent that every minute 
from 6 to 24 spores were settling upon a surface equal to 1 square foot 
(Pl. LXIII, figs. 1 and 2) indicates that at such a time many opportunities 
would be offered for exposed parts of undiseased trees at considera- 
ble distances from diseased ones to become infected by wind-borne 
ascospores. 

Furthermore, these results show that the maximum distance over 
which ascospores might be transported by the wind was by no means 
obtained, and the large numbers found at the longest distances in this 
experiment, given in Table VIII, when a light wind prevailed, indicate 
that even with a relatively light wind ascospores are probably conveyed 
distances far greater than these. 

In a consideration of the exposure plates yielding the high numbers of 
colonies of Endothia parasitica it is interesting to note the relatively 
large proportion of the spore content of the air formed by ascospores of 
this fungus at certain times (Table IX). 
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TABLE IX.—Percentage of the number of spores of Endoihia parasitica to the total spore 
content of the air, as shown by exposure-plate tests on chestnut-bark agar in 1913 at West 
Chester, Pa. 
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In connection with these figures it should be borne in mind that the 
fungi represented are such as will grow only on chestnut-bark agar. 
Taking into consideration, however, the relatively large numbers of other 
fungi ordinarily developing in the exposure plates (Table I), it is a note- 
worthy fact that at certain periods when ascospore expulsion was in 
progress the spores of this one species should constitute from 40 to 100 
per cent of the total spore content of the air. 

Since these plates were exposed not long after a rain, a possible expla- 
nation suggested is that spores of other fungi were washed from the air 
by the rain and the supply had not yet been replenished, whereas condi- 
tions were very favorable to the abundant expulsion of ascospores of 
Endothia parasitica. It has also been suspected that certain types other 
than this fungus which were often found in plates exposed at such times 
represented other ascomycetous fungi the spores of which had just been 
expelled. 


SUMMARY OF EXPOSURE-PLATE TESTS 


In all of the exposure plates yielding colonies of Endothia parasitica it 
was determined from the time of appearance of these colonies that all 
originated from ascospores. Therefore we may safely state at the outset 
that under the conditions of the tests little or no wind dissemination of 
pycnospores occurred. 

By comparison with ascospore-trap tests it is evident that ascospores 
of Endothia parasitica were caught in the exposure plates in numbers and 
at some distances from trees only during certain periods following rains 
when ascospore expulsion was in progress. The possible exception 
occurred on the morning of September 8, when no series of observations 
was made on the ascopore traps. ° 

As the occurrence of ascospores in the air in considerable numbers is 
the prime requisite for wind dissemination and as ascospore expulsion 
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occurs only when the perithecia-bearing bark has been wet by rains, the 
following facts are presented to show that wind dissemination is directly 
dependent upon weather conditions causing spore expulsion. 

Of the total number of 756 plates exposed during these tests 95 were 
exposed while ascospore expulsion was known to have been in progress, 
and of these, 41 yielded colonies of Endothia parasitica. Of the remaining 
661 plates exposed at other times than those noted above, but 23 yielded 
colonies of E. parasitica, and 14 of these were exposed within 12 hours 
after expulsion was known to have occurred. 

To bring out in a more striking manner the relation of rain to wind 
dissemination, it is worthy of note that out of a total of 427 ascospores of 
Endothia parasitica caught in the exposed plates 402, or 94 per cent, were 
caught in plates exposed while spore expulsion was known to have been 
in progress, and of the remaining 25 spores 3 were caught within 5 hours 
after the cessation of a rain (Sept. 8) and 12 more were caught within 12 
hours after ascospore expulsion was known to have occurred. This 
leaves but 10 out of 427 spores, or 2.3 per cent, seeming to be stray 
ascospores bearing no relation to a rain. 

As to the origin of the 22 colonies of Endothia parasitica appearing in 
plates exposed when spore expulsion was known not to be in progress 
(see Table II), the following points are cited to prove that they originated 
from stray ascospores which, after expulsion, lodged on near-by or, per- 
haps, distant trunks, limbs, or leaves and were subsequently loosened 
by the mechanical action of some agency. 

1. All but one of the 21 plates containing these colonies yielded only 
a single colony of Endothia parasitica each. 

2. In one colony a fragment of bark was visible at its center. 

3. All except one of these spores were caught at stations more or less 
overhung by branches of diseased trees, and all except three were caught 
on stumps surrounded by sprouts. 

4. Only 1 out of 192 plates exposed at unsheltered stations when 
expulsion was not in progress yielded a colony of Endothia parasitica. 

If these had been stray spores that were still floating in the air since 
expulsion, they would have fallen just as frequently into plates exposed 
out in the open at unsheltered stations. During a period of ascospore 
expulsion following a rain it seems probable that the spores would not 
all be swept away by air currents but that some few would find lodgment 
upon near-by leaves and branches. Such lodgment is especially likely 
to take place if there is no noticeable wind when expulsion is in progress. 
Thus, it seems quite probable that the colonies obtained when perithecia 
were not active originated from spores dislodged from either healthy or 
diseased parts of trees more or less overhanging the plates. 

Unless attached to a bark fragment, the path of these spores in falling 
would not necessarily approach the vertical, and such spores might be 
transported by the wind just as readily as though they were freshly 
expelled. This explains, perhaps, why one spore was caught in plate 
No. 5037, exposed 27 feet from the nearest chestnut tree. The probable 
reason, then, why, with this exception, such stray spores were caught 
only under trees is that the rareness of their occurrence in the air pre- 
vented their detection elsewhere than in very close proximity to their 
place of temporary lodgment, since with the exposure-plate method the 
chance of detecting these spores decreases very rapidly as the distance 
from their source is increased. 
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Obviously no exposures could be made during a rain, but ascospore- 
trap examinations have shown that abundant spore expulsion may 
occur during the actual] fall of the rain. It is evident, however, that at 
such a time wind dissemination would be reduced to a minimum, because 
the spores upon expulsion would soon be washed to the ground or to 
near-by bark or foliage. 

Therefore, under the conditions of our tests it can be said that, with the 
exception of the few stray ascospores loosened from temporary lodgment, 
wind dissemination of Endothia parasitica occurs only during certain 
periods after rains, when ascospore expulsion is in progress. 


ASCOSPORE-TRAP TESTS 


In order to detect ascospore expulsion whenever it occurred, use was 
made of what we have termed ‘‘ascospore traps.’’ An ascospore trap 
consisted of a glass object slide held in place over perithecial pustules 
on the bark of a diseased tree by means of a.wooden bracket either above 
or below the slide (Pl. L XIV, figs. 1 and 2). The slide was wedged firmly 
into a slot in the bracket so as to be suspended about one-eighth of an 
inch or less from the papillae underneath. These traps were placed on 
lesions of various ages on trees more or less scattered throughout the 
experimental plot (fig. 1). 

As the ascospores of Endothia parasitica are expelled they adhere to 
the glass, and the spores expelled from each ostiole usually form a definite 
“‘spot,” so that the number of spots on the slide represents the number 
of perithecia in the area underneath which have expelled spores. 

During the progress of the work on wind dissemination, it was found 
possible by means of these traps not only to detect the occurrence of 
ascospore expulsion but to determine even with some degree of accuracy 
the exact duration of perithecial activity. 

As has been brought out in the discussion of the exposure-plate tests, 
the occurrence of ascospores in the air in numbers is directly dependent 
upon the continuation of their expulsion after a rain has ceased. The 
duration of expulsion becomes, therefore, an essential factor in deter- 
mining the period during which wind dissemination may occur. 

In making this determination the method of procedure was as follows: 
Out of the total number of 69 ascospore traps usually about 20 were 
selected, representing areas of vigorous perithecia where previous expe- 
rience indicated that abundant expulsion was most likely to occur. The 
slides from these traps were collected as soon as possible after the rain 
and were replaced with clean slides. Then, after a convenient interval, 
this second set of slides was collected and replaced with clean ones. This 
operation was repeated at intervals of several minutes to several hours 
until none of the slides bore spots of expelled ascospores. 

Several series of trap collections were usually made after each rain, 
and a subsequent examination of each slide revealed whether or not any 
expulsion had occurred under that trap in the period during which that 
particular slide had been in place on the tree. Although usually visible 
to the unaided eye, an examination with a hand lens was often necessary 
to detect very faint or very diffuse spots of ascospores on the slides. 

The detailed results for September 20 are given to show the behavior 
of individual traps (Table X). The results given in the summary for 
the other dates were obtained in a similar manner and the individual 
records will therefore be omitted. 
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TABLE X.—Record of ascospore-trap collections on September 20, 1913, at West 
Chester, Pa.@ 





. : : Number of perithecia expelling ascospores between 
Time from cessation of rain to— times stated. 





Trap No. 72 
| Trap No. 14 


Replacing of slides. Collection of slides. 


| Trap No. so 
| Trap No. 58. 
| Trap No. 62. 
Trap No. 63. 
Trap No. 64. 
Trap No. 6s. 
Trap No. 74. 
| Trap No. ts. 
| Trap No. 40. 
Trap No. 4s. 
Trap No. 4 
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@ Rainfall, night previous, 0.09 inch. Time of cessation, between 3.25 and 3.55 a. m. 


TABLE XI.—Summary of records of ascospore-trap collections in 1913 at West Chester, 
Pa. 





Time from cessation of rain to— Number of 
perithecia 
expelling 
ascospores 
Replacing of slides. Collection of slides. between 
times 
stated. 





Rainfall. 
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@ This summary includes the records of traps Nos. 58, 59, 72, and 74 only. 





574 Journal of Agricultural Research Vol. III, No. 6 








The data secured relative to the duration of ascospore expulsion after 
certain rains are given in a summarized form in Table XI. As will be 
seen, all of these, except the results obtained on October 20, bear refer- 
ence to rains occurring during the progress of exposure-plate tests. 
Although the exact time of cessation of rain is a very important point, 
in the cases of September 18, 19, 20, and 22 it could not be more ‘accu- 
rately determined, because the rains all ceased in the night. A com- 
parison of the figures presented in these tables with the results obtained 
in the exposure-plate tests will show a close interrelation. 

On October 20 another opportunity was offered to obtain data relative 
to duration of spore expulsion. By selecting only a few traps and chang- 
ing the slides at much shorter intervals more in detail was learned in 
regard to the activity of the perithecia (Table XI). 

Since the point had been often suggested that these ascospore-trap 
tests might not yield results typical of natural conditions because of the 
protection from drying afforded by the glass suspended over the bark 
and that because of this spore expulsion was greatly prolonged, occasion 
was taken on October 20 to determine the validity of this contention. 

About two hours after the cessation of rain, when expulsion had appar- 
ently ceased under most of the ascospore traps that were being tested 
(Table XI), a number of clean slides were placed at random over other 
areas of perithecia-bearing bark which appeared still to be damp, to 
determine whether or not perithecia on bark unprotected by glass slides 
were expelling spores at this time. Owing to the high south wind and 
occasional sunshine, such promising areas of bark were found only on 
the north side of trunks, either where loosened bark about a bad lesion 
had become soaked or in locations more or less protected by sprouts or by 
stumps from the drying action of the wind. The slides were held in 
place by a cord tied around the trunk, and care was taken to prevent 
contact with the papillz. The results obtained from these 22 test traps 
are given in Table XII. 


TABLE XII.—Record of test traps on October 20, 1913, at West Chester, Pa. 





Trap No. Time of placing slide. Time of collection. Results of examination. 
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@ Rainfall, 0.86 inch. 


Time of cessation, 9.09 a.m. Wind, high SSW. 
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SUMMARY OF ASCOSPORE-TRAP TESTS 


From the standpoint of wind dissemination, the all-important feature 
proved beyond doubt by these tests is that in every case where ascospore 
expulsion occurred at all it continued for a time after the cessation of the 
rain, thus insuring a supply of spores in the air. 

A glance over these results shows that in a general way the volume of 
ascospore expulsion, as measured by the character and number of spots 
on the slides, is greatest during or shortly after the rain and decreases 
more or less uniformly as the bark dries. On August 27 the rains were 
of the thunderstorm type, being of very short duration, and consequently 
the perithecia had hardly been wet for a sufficient length of time when the 
rainceased. The greatest volume of expulsion occurred, therefore, a little 
later, evidently between 15 minutes and 1 hour after the rain had ceased. 

With the exception of the rain in the afternoon of September 21, the 
tests of September 18, 19, 20, 21, and 22 are rather unsatisfactory, since 
no records could be obtained until some time after the rain had ceased. 
The summary for these dates (Table XI) shows that the maximum vol- 
ume of spore expulsion had occurred before the first collections were 
made, and whether the climax occurred during the rain or shortly after- 
wards can not be stated. In the case of the afternoon rain of September 
21 very evidently the maximum volume of spore expulsion took place 
before 33 minutes had elapsed after the cessation of the rain. 

On October 20, after the bark had been thoroughly saturated by a rain 
in the night, the greatest volume of expulsion occurred within one hour 
after the rain. Two hours and nine minutes later a light rain of 58 min- 
utes’ duration began, and the results secured after this shower (Table XI) 
show that in three traps tested the greatest volume of expulsion occurred, 
not during the rain, but after 22 to 43 minutes had elapsed since its ces- 
sation. 

As to the rate of subsidence of ascospore expulsion after the rains, 
Table XI shows a marked contrast between the results obtained on differ- 
ent dates. This has been mentioned in the discussion of the exposure 
plates and the relation of the subsidence of ascospore expulsion to 
weather conditions. In the cases of September 18, 19, 20, and 22 the 
duration of expulsion is seen to have been prolonged after the rains, and 
in all cases except September 19 the data show that the rate of subsidence 
was very gradual. Except for the last three hours of the duration of 
expulsion on September 22, fog or cloudiness and low wind prevailed, 
and the weather conditions were not favorable to rapid drying of the bark. 

After the rains of September 21 and October 20 the rate of subsidence 
of ascospore expulsion was relatively abrupt and rapid, and its duration 
was comparatively short, especially after the second rain on September 21. 
Here, again, the relation of duration of expulsion to rapidity of drying of 
the bark is shown, since the rains on these dates were followed by brisk 
winds, and, except for the second rain of September 21, by rapid clearing 
and sunshine. Such weather conditions were, of course, very conducive 
to the rapid drying of the bark. 

The maximum duration of ascospore expulsion as determined by these 
tests after each of these rains is shown in Table XIII. In considering 
these data the weather conditions just described should be borne in mind. 

78745°—15—6 
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TABLE XIII.—Maximum duration of ascospore expulsion after the cessation of rain, 
as determined by the examination of slides in ascospore traps at West Chester, Pa., 
in 1913 
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It should be mentioned in this connection that the figures given 
in the Table XIII were secured in all cases, except that of October 
20, from bark that had been protected continuously by the trap slide 
from the drying action of the wind, and it is possible that under such 
conditions the duration of expulsion may be slightly prolonged. But 
the data relative to the maximum duration of expulsion on October 20 
were secured from bark previously unprotected by slides, since seven 
perithecia in five exposed areas were found to be expelling spores after 
expulsion had ceased in all but one area protected by the ascospore traps 
(Table XII). These tests prove beyond doubt that under natural 
conditions certain exposed areas of diseased bark do remain wet enough 
to cause spore expulsion fully as long as the particular areas protected 
by the ascospore traps. Of course, such areas would usually be in 
locations more or less protected from the wind or sun; but, nevertheless, 
they would continue to act as a source of spores for wind dissemination 
as long as any expulsion was in progress. 

The direct bearing of the results of these ascospore-trap tests upon the 
results obtained in the exposure plates has been brought out in the 
discussion of the latter topic. 


ASPIRATOR TESTS 


It has already been brought out in the historical introduction that 
previous analyses of air by the aspirator method under natural conditions 
in the field during dry weather failed to show the presence of spores 
of the chestnut-blight fungus (2). Positive results were obtained, 
however, under artificial conditions in the field, and it seems probable 
that failure to detect spores under natural conditions was due to the fact 
that most of the analyses were made during dry weather. If positive 
results were obtained following periods of rain, that fact was not brought 
out in the discussion (2). In order to obtain definite information on this 
point, the aspirator tests reported in the following pages were made so as 
to include the filtration of air immediately following periods of rain, 
as well as during the intervening dry weather. 


METHOD OF MAKING THE ANALYSIS 


The apparatus used in this series of tests consisted of a 4-liter aspirator 
bottle set on a level stump near the center of the field (fig. 1). The 
nearest trees were 15 feet north, 19 feet east, and 33 feet west, and the 
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nearest lesion was on a branch 13 feet tothe north. The standard sugar- ° 
tube method of making a quantitative bacteriological analysis of air was 
employed. The bottle was refilled with 4 liters of water at intervals 
of 20 or 30 minutes, thus making the aspiration practically continuous. 
One sugar tube was generally used each day, and the quantity of air 
drawn through each tube averaged 58 liters, with a maximum of 96 liters. 
The medium employed was a 3 per cent dextrose agar, with a reaction 
of +10. Ten plates were poured for each test and were incubated 
and the colonies counted in the same way as those in the experiments 
with the water spore traps (p. 520). 


TABLE XIV.—Summary of results of aspirator tests in 1913 at West Chester, Pa. 
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@ All rains occurred during the night previous to the date of aspiration, except on Aug. 27. 
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DISCUSSION OF RESULTS OF ASPIRATOR TESTS 


The results obtained from these tests are presented in Table XIV. 
The average number of bacteria per liter of air was 2.91, while the number 
of fungi per liter averaged 7.03. The number of fungus species repre- 
sented in the cultures ranged from 3 to 14. 

In only five instances did any colonies of the chestnut-blight fungus 
appear in culture, and the number of spores per liter was never large. It 
is not impossible that the small numbers of spores of Endothia parasitica 
obtained may be due to the effect of sunlight, for in those instances where 
the rains were followed by fair weather the aspirator was exposed to the 
direct rays of the sun for a part of the day. This may also be the expla- 
nation of the fact that no spores of E. parasitica were obtained after some 
of the rains when ascospore-trap collections made it certain that expulsion 
was taking place, notably those of September 7 and 8 and September 21 
and 22 (Table XV). Unfortunately there are no published investigations 
which give any information on the effect of sunlight on ascospores of the 
chestnut-blight fungus. 


TABLE XV.—Relation of aspiration tests to rainfall in 1913 at West Chester, Pa. 
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<a on. rere ee a7 | Sept. 7 
+095 | 
26 | 
68 | 
-o9 | 
1 
| 
| 





HOOHOOOf 


43 
- Io 


°73 


i 


+H+H+++ 1 +14 





The chief explanation of the small number of spores of /-ndothia para- 
sitica to the liter is to be found in the small amount of air drawn through 
each tube. While this averaged 38 liters for those tubes yielding positive 
results, only a few liters were drawn through the tube in the several hours 
during which copious expulsion of ascospores took place. The figures 
given in the tables are therefore smaller than the actual number of 
spores per liter during the period of copious expulsion. In view of 
these facts, Tables XIV and XV do not represent the true number of 
ascospores present in the air during the time of their actual prevalence, 
since the period of aspiration included many hours when they were not 
prevalent, as shown by the exposure-plate tests. 

The rate of development of the colonies of the chestnut-blight fungus 
showed that they all originated from ascospores and none from pycno- 
spores (5). 

The spores obtained from sugar tube No. 7 two days after a rain may 
have been stray spores similar to those obtained in several exposure 
plates. 
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The aspirator tests do not appear to have given as reliable results as 
the exposure-plate method, since it may be noted from Table XV that 
negative results were obtained on certain days when the exposure plates 
showed that ascospores were prevalent. The importance, however, of 
the aspirator tests lies in the fact that ascospores were obtained under 
perfectly natural conditions in the field at a distance of 13 feet from the 
nearest lesion and that they were obtained at times when ascospore 
expulsion was taking place. 


WATER SPORE-TRAP TESTS 


The use of water spore traps for testing the transport of spores of the 
chestnut-blight fungus by the wind was the outcome of our attempts to 
use the method of Burrill and Barrett (3) in their study of the wind 
dissemination of Diplodia zeae. First, substituting a funnel for the glass 
plates employed by the writers just cited, an attempt was made to find 
some mixture which could be applied to the inner surface of the funnel 
and which would fulfill the necessary requirements, as follows: 

1. The mixture must contain no substances toxic to spores of the 
chestnut-blight fungus. 

2. It must spread readily and adhere to a glass surface. 

3. It must be sticky, so as to retain the spores which lodge upon the 
surface, which is coated with it. 

4. It must retain its sticky character at least 24 hours under field con- 
ditions. 

5. It must be readily soluble in water. 

Glycerin of various percentages was tried alone, as well as in combina- 
tion with various quantities of gum arabic or gelatin, but in all cases the 
mixtures either dried too soon or did not spread well on a glass surface. 

The fact that pycnospores do not germinate in water (4) suggested the 
substitution of dishes of sterile water for the funnels. The first idea was 
that analyses of the water from these dishes exposed in the field under 
natural conditions could be made at intervals of some days and would 
reveal the presence of pycnospores if they had been carried by the wind. 
Experience in the field, however, proved that the method was also well 
adapted to the study of ascospore dissemination. 


DESCRIPTION OF THE WATER SPORE TRAPS 


A water spore trap consisted of a crystallizing dish 5 cm. deep and 10 to 
12 cm. in diameter, into which sterile water was introduced. The dishes 
were wrapped in paper and sterilized in the laboratory for transport to 
the field. Each dish was supported about 2 feet above the ground by a 
tripod of three small stakes driven into the ground. Ten-penny nails 
were driven into the ends of the stakes, whose ends were converged to 
make a support for the dish. The nails were held in proper position 
by a heavy cord attached to them and encircling the dish. By this 
means they were so firmly secured that they were never in danger of 
being blown out by the wind (Pl. LXIV, fig. 3). After placing a dish in 
its proper field location, 100 to 150 ¢c. c. of sterile water were introduced. 
Water for this purpose was kept in stock in small Erlenmeyer flasks. 

The dishes of water were exposed in the field in various selected loca- 
tions and analyses made at certain intervals (fig. 3; also Pl. LXV, figs. 
1 and 2). 
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METHOD OF MAKING A TEST 


At the end of an exposure period the contents of each dish were emptied 
into sterile flasks provided for the purpose and transported to the labo- 
ratory at the University of Pennsylvania, where the work of making an 
analysis was completed. They were then replaced with other sterile 
dishes and sterile water introduced as before. 

For each water spore trap 15 to 20 plate cultures were employed, and 
these were made by introducing 0.1 to 0.5 c. c. of the water by means of 
a graduated 1 c. c. pipette into each Petri dish. In this way only 4 to 
5 c. c. of the total water returned to the laboratory were used in each 
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Fic. 3.—Map showing the location of water spore-trap stations Nos. Ito VI. Stations I and II are in the 
chestnut coppice, the detailed composition of which is shown in figure 1; Stations III to V are at various 
distances from the same coppice; Station VI is to the north of a mixed chestnut and oak woodland. 


test, but special pains were taken to secure a uniform suspension before 
the removal of the quantities used. Chestnut-bark agar was used for 
all of these analyses (see p. 496 for formula) since experience had proved 
that it was a poor medium for the growth of bacteria, which were always 
present in some quantity. In fact, the medium is so unfavorable for the 
development of ordinary bacteria that in most cases the colonies remained 
as minute specks during the period the plates were under observation 
and with proper dilution offered no hindrance to the development of 
colonies of Endothia parasitica and other fungi. All cultures were incu- 
bated as nearly as possible at 25° C., and the colonies of fungi suspected 
of being the chestnut-blight fungus were marked at the end of three days. 
The count was completed on the fifth day, and any uncertain colonies 
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were transferred to 3 per cent dextrose agar for further study. In gen- 
eral, it may be said that transfers were not necessary, for the colonies of 
E. parasitica are very characteristic on chestnut-bark agar at the end of 
five days, if they have had sufficient room in which to develop. It was 
only in the case of plates badly crowded with other fungi that such trans- 
fers were necessary. 


RESULTS AND DISCUSSION OF TESTS 


The water spore traps were exposed in or near the same plot of badly 
diseased chestnut trees at West Chester, Pa., which was employed for 
the exposure plates previously reported. Six different stations were 
selected for the location of water spore traps at distances varying from 
15 to 389 feet from the nearest blight lesions, although Station V was 
404 feet from the nearest probable source of spores. More detailed in- 
formation in regard to these stations is given in Table XVI. 


TABLE XVI.—Relation of water spore-trap stations to diseased chestnut trees in 1913 at 
West Chester, Pa. 





Trap station | Distance and direction from station | Position of station with reference to diseased chest- 
to nearest lesions. nut trees. 





25 feet west and east Surrounded by 15- to 18-year-old coppice, 
15 feet southwest; 19 feet Do. 

north. 
50 feet north; 50 feet west..| In cornfield 50 feet from coppice. 
383 feet northwest.........| Across cornfield from coppice. 
398 feet north Across open field from a single tall tree. 
237 feet northwest.........| Across pasture from a single tall tree. 
265 feet south Do. 
317 feet northeast Across cornfield from a single tall tree. 
404 feet east Across cornfield from coppice. 
389 feet south Across hayfield from older forest. 











TABLE XVII.—Summary of the tests with water spore traps in 1913, at West Chester, Pa. 





Number of 
spores of 
Endothia 

parasitica. 


Date ot | Tafa! number 
cultures. spores. 


‘est | Trap sta- 


i . 
No tas Wes Culture Nos. Period of exposure, 





I | 4227-4234 | Aug. 30 to Sept. 4.. - So) 32,235 
II | 4235-4242 lo ete 13, 868 
III | 4243-4250 | Aug. 31 to Sept. 4..|. 23, 239 
III | 4821-4835 | Sept. 4 to Sept. 8... ca 868) 900 
I | 4906-4920 | Sept. 4 to Sept. 13.. ~ 6, 375 (?) 
I | 4951-4960 | Sept. 13 to Sept. 18.|...d 10, 666 
II | 4967-4976 GON kids. cate eich 
III | 4983-4992 ae; 
I | 5303-5312 | Oct. 13 to Oct. 20... 
5313-5322 | Oct. 20,a. m.-p. m.|... 
5345-5354 | Oct. 19 to Oct. 22.. 
5355-5304 d di 
5371-5380 
5381-5390 
5391-5400 
5401-5410 a 
5411-5420 .1r..| Numerous. 
5421-5430 d ...do.....| Numerous. 
5431-5440 aa Numerous. 
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The map (fig. 3) shows the location of the coppice growth and other 
chestnut trees than those used in the test, with the position of the 
exposure stations. The character of the diseased coppice growth is 
shown in Plate LXV, fig. 1, which shows a view taken from Station V. 
The older forest, which was the source of the ascospores for the traps 
exposed at Station VI, is shown in Plate LXV, fig. 2. The period from 
August 30 to November 11, 1913, was covered by the tests presented in 
Table XVII. 

The time and amount of rainfall, and in some cases the wind direction, 
are necessary in interpreting the results. Table XVIII gives the rainfall 
for the time covered by the water spore-trap tests. 


TABLE XVIII.—Rainfall record for period covered by the water spore-trap tests in 
1913 at West Chester, Pa. 





Date of rain. | Rainfall. | Date of rain. Rainfall. Date of rain. | Rainfall. 





Inches. | i Inches. 
Aug. 29 and 30 I. 10 
Sept. 7and 8 “67 
12 and 13 - 095 
17 and 18 26 { akan wee : 
18 and 19 | 68 | ‘ Nov. 8 and 9g..| 
19 and 20 . 9 ‘ 
2oand 21 - 43 

















Tests Nos. 1, 2, and 3 were started in the field after the rain of August 


29 and 30, late in the day, and the traps were taken to the laboratory 
for analysis before the next rain. Judging from the results obtained 
from our exposure plates, no ascospores should have been present, and 
our failure to get any colonies of the chestnut-blight fungus in the test 
cultures suggests that during that period there was no wind dissemina- 
tion of either pycnospores or ascospores. ‘There was a small amount of 
rain during the period that traps 4 and 5 were exposed, but the analyses 
were not made until two and three days later. Considering the fact that 
ascospores germinate at once in water, the failure to get any colonies of 
the Endothia parasitica in these tests is not surprising and again points 
to the absence of pycnospores. Traps 6, 7, and 8 were removed from 
the field a few hours after the heavy rain of September 18 and 19, and 
the analyses gave a large number of colonies of the chestnut-blight 
fungus. It appears probable that the spores were caught during the 
few hours following the rain, since the cultures indicated the origin of 
the colonies from ascopores only (5). It should be noted from Tables 
XVII and XVIII that traps 9 to 12 were removed from the field just 
following periods of rain. ‘The wind was blowing from the infected trees 
toward trap 10 only, and this was the only one in the series which yielded 
the blight fungus. Traps 13 to 16 were removed from the field shortly 
after the rainy period of October 24 to 26, and all yielded positive results, 
trap 16, located 389 feet from the nearest chestnut tree, giving 431 spores. 
The length of time after the rain when the tests were made and the 
direction of the wind are the possible explanation for the negative re- 
sults for traps 17 to 19. Unfortunately no traps were exposed during 
the rainy periods of October 1 to 3 and October 11. 

It is probable that the figures recorded for tests Nos. 6 to 8 and 13 to 16 
represent the number of spores blown into the traps during the few hours 
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following the rain. This appears to be substantiated by negative re- 
sults obtained during dry periods and by positive results obtained with 
exposure plates and slide traps just following a period of rain. The 
results are briefly summarized in Table XIX. It is interesting to note 
the number of viable ascospores of the chestnut-blight fungus that must 
have fallen on each square inch of water surface for the time represented. 
This information is presented in Table XX. 


TaBLE XIX.—Summary of positive results obtained from water spore traps in 1913 at 
West Chester, Pa. 





Total number of 

Number of Distance of spores of Endothia 

tests | Station from parasitica caught, 

represented. | nearest lesion. as determined by 
| cultures. 


Station. 





Feet. 
| 25 
15 
5° 
383 
237 
389 


2, 136 
3s 597 
2,113 
380 
820 
461 














TABLE XX.—Number of ascospores of Endothia parasitica falling on each square inch of 
water surface at various distances in 1913 at West Chester, Pa. 





! 
Number of | 
spores of En- 
dothia parasit- 
ica falling on 


Number of 
spores of En- 
dothia parasit- 
ica falling on 


Distance 
to nearest 
lesion. 


Distance 
to nearest 
each square lesion. 
inch of water 


surface. 


_each square 
inch of water 
surface. 








Sq. inches. 
12. § 
12. 5 
12. 5 
16. 5 


139 
280 


169 
23 











Sg. inches. 
16. 5 
16. 5 
16. 5 








| 
23 
50 
26 | 


| 


Feet. 
383 
237 
389 


The large number of spores of Endothia parasitica falling on each 
square inch of surface for a single rainy period certainly emphasizes the 
fact that healthy trees in the vicinity of badly diseased ones have innu- 
merable opportunities to become infected by wind-borne spores. 

It should be mentioned in this discussion of the results obtained by 
the water spore traps that there are some possibilities of error. It might 
be claimed that the spores found in the water traps were carried by 
birds or insects. This, however, appears exceedingly improbable. The 
cultures always indicated ascospores and tests have shown that birds are 
carriers of pycnospores only (8). The position of the traps was such as 
to reduce the insect visitors to a minimum. Insects tested as carriers 
of the chestnut-blight fungus yielded both pycnospores and ascospores, 
but the former were very much more abundant (17). Besides, it was 
rare that any insects were found in the exposure dishes. Furthermore, 
spores were present in the traps only at periods following rains when 
other tests had indicated their prevalence. 
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CONCLUSIONS 


(1) As a result of 756 exposure plates made in or near the badly 
diseased chestnut coppice at West Chester, Pa., it can be definitely 
stated that ascospores of Endothia parasitica (Murr.) And. are prevalent 
in the air and after expulsion are carried for varying distanees from their 
source. 

(2) As shown by the same exposure plates, the period of prevalence 
of ascospores varies with the conditions following the cessation of rains; 
when there is a rapid drying of the bark, this period is short, but when 
drying is retarded, this period is correspondingly extended. The tests 
indicate a general prevalence of ascospores within the first 5 hours fol- 
lowing the cessation of rains, with less abundance during later hours. 
The longest period for our entire series was 14 hours. 

(3) During periods of dry weather ascospores, although not generally 
prevalent, may occasionally be detected by the exposure-plate method. 
These are apparently stray ascospores expelled during some previous 
period of rain and now loosened from lodgment on some near-by objects. 

(4) In and near badly diseased chestnut groves or forests the number 
of ascospores falling on each square foot of exposed surface following a 
period of rain, as indicated by exposure plates, is very large and is suffi- 
cient to offer abundant opportunity for new infections. 

(5) Ascospores are forcibly expelled in large numbers from the peri- 
thecia during and after each warm rain in case the amount is sufficient 
to soak up the pustules. Following a dry period a rain of 0.18 to 0.25 
inch has been observed to cause copious expulsion of ascospores, while 
rains of 0.01 to 0.10 inch, if immediately preceded by a copious rainfall, 
have been sufficient to cause the resumption of spore expulsion. 

(6) As determined by the ascospore traps, the duration of expulsion 
depends on the rapidity with which the bark dries and only continues 
when the stromata are moist. Under natural conditions in the field 
the period of expulsion for eight rains varied from 45 minutes to 13 
hours and 14 minutes. 

(7) In some cases at least the maximum of ascospore expulsion occurs 
after the cessation of rain. 

(8) The fact that the period of ascospore expulsion as determined by 
the ascospore traps coincides in general with the period during which 
spores were obtained by exposure plates points to these forcibly expelled 
spores as the ones prevalent following periods of rain. This is definitely 
substantiated by the development of colonies in the exposure plates 
from ascospores only. 

(9) It is possible to determine the presence of ascospores of the chest- 
nut-blight fungus in the air under natural conditions in the field by the 
standard aspirator method of bacteriological analysis. By this method 
positive results were obtained following four different rainy periods, but 
only when the period of aspiration included a period of copious ascospore 
expulsion. 

(10) By the use of water spore traps stationed at varying distances 
from diseased trees it was possible to determine that ascospores are 
prevalent in the air and fall upon exposed surfaces in considerable 
numbers, the number diminishing with the distance from the source of 
supply. 
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(11) By making possible long exposures the water spore traps offered 
some advantages over the exposure-plate and aspirator methods. The 
presence of spores of the chestnut-blight fungus, however, was never 
shown by this method unless the period of exposure included a period 
of ascospore expulsion. 

(12) The failure to obtain colonies of the Endothia parasitica from the 
water spore traps exposed during dry periods, as well as the fact that 
only ascospore colonies were indicated in the aspirator and exposure- 
plate tests, points to the conclusion that pycnospores are not generally 
prevalent in the air at any time. If present they certainly would be 
detected by the prolonged exposure of water spore traps. 

(13) The time immediately following a rain, when the bark is still 
moist, would appear to be a favorable one for new infections, since the 
supply of moisture would offer opportunity for germination of spores. 
It is a noteworthy fact that it is only during this favorable period for 
germination that the dissemination of ascospores takes place. 

(14) All of these experiments point to air and wind transport of the 
ascospores of the chestnut-blight fungus as one of the very important 
methods of dissemination and substantiate the conclusions of Rankin 
(15, 16) and Anderson (1,2). It can now be said with absolute certainty 
that following each warm rain of any amount ascospores are carried 
away from diseased trees in large numbers. Since they have been 
obtained in large numbers at distances of 300 to 400 feet from the source 
of supply, the conclusion of the authors that they may be carried much 
greater distances is justified. During dry periods wind dissemination of 
ascospores does not occur at all or sinks to a very insignificant minimum. 
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PLATE LXIII 


Fig. 1.—Petri-dish culture 5044 from 12 minutes’ exposure of chestnut-bark agar, 
made on September 20, 1913, 2 hours and 8 minutes after the cessation of a rain, 
at station 51, located 27 feet from the nearest lesion. 

Fig. 2.—Petri-dish culture 5041 from 16 minutes’ exposure of chestnut-bark agar, 
made on September 20, 1913, 1 hour and 55 minutes after the cessation of a rain, at 
station 49, located 414 feet from the source of the spores. Ten of the twelve colonies 
are those of Endothia parasitica. 








Dissemination of Chestnut-Blight Fungus PLATE LXIll 
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Dissemination of Chestnut-Blight Fungus PLATE LXIV 
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PLATE LXIV 


Fig. 1.—Ascospore trap 51. This consists of a wooden bracket which supports an 
object slide over perithecial pustules. 

Fig. 2.—Ascospore trap 52. 

Fig. 3.—Water spore trap located at Station V. The trap consists of a crystallizing 
dish containing sterile water and is supported on a tripod. 





PLATE LXV 


Fig. 1.—View looking towards the coppice growth from water spore-trap Station V. 
The trees in the background at the right are at the end of the plot shown in text 


figure 1. 

Fig. 2.—View of a mixed chestnut and oak grove taken from water spore-trap Sta- 
tion VI. This grove was the source of the spores of the blight fungus caught at Sta- 
tion VI. 
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A phis— 
bakeri— 
GIR is cited ccncendicwcsdaccees 433 
PN Oak i is ced cciccdcccccconencecs 433 
brevis— 
CNG ao hao Seis kidcieaticccc& 431-433 
Ina da iussudexecvdccccoceses 431-432 
Apple. See Malus. 
Apple Root Borer (paper)...........-..... 179-186 
See also A grilus vittaticollis. 
Arachis hypogaea, oil content of seed of..... 2447245 


Argiope transversa, enemy of Stictocephala 


Armillaria mellea, relation to injury by Ag- 

SEES ows dewivedidsckdectunaenee 284-285 
Armsby, H. P., and Fries, J. A. (paper), 

Net Energy Values of Feeding Stuffs for 
435-492 
Artemisia frigida, water requirement of., 43,50,60,62 
Ash analyses of leaves and twigs of Carya 

SG Gols ne a decaccanedeune 165-166, 169 


Aspen. See Populus tremuloides. 
Aspergillus repens, growth in butter. ........ 307 
Assimilation of Colloidal Iron by Rice 
CUO ox <caucndcenes ce tenenccadeadeeed 205-210 
Atanycolus sp., parasite of Agrilus bilineatus. 292 
Avena sativa— 
host plant of Stictocephala festina .......... 346 
water requirement of.................000 1I-12, 


50-53 55-56, 59, 61-62 
Ayers, S. H., and Johnson, W. T., jr. (paper), 
Ability of Colon Bacilli to Survive Pasteuri- 
zation 


Shetacdd Mactvuacdceetaneusectesnete 401-410 
Bacillus coli— 
ability to survive pasteurization ........ 401-410 
ER OP OIG ono cid uch akoncnncescucees 403-408 
presence of, index of efficiency of pasteuri- 
SE Rai dcns Raicudesddievsanseeconeun 403-408 
thermal death point of................6. 402-406 


Back, E. A., and Pemberton, C. E.— 

Life History of the Mediterranean Fruit 
Fly from the Standpoint of Parasite Intro- 
ARTO CREED «5.5 oc vvcncccctancencavec 363-374 

Life History of the Melon Fly (paper) ... 269-274 

Susceptibility of Citrous Fruits to the 
Attack of the Mediterranean Fruit Fly 
(paper) 


dddcanvesusnncugenencewcevased + 311-330 
Bactrocera cucurbitae— 
comparison with Ceratitis capitata........ 370-371 
ME lo ackionc cvcccccccewcdcdesasvs 269 
We NS ONS icons ciccaccadtccccveccdance 269-274 
Banana. See Musa sapientum. 
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Barley. See Hordeum. Cannabis sativa, fungous disease of........... 81-84 
Bean— Cantaloupe. See Cucumis melo. 
horse. See Vicia faba. Capriola dactylon, food plant of Stictocephala 
Mexican. See Phaseolus vulgaris. ss re oc a tue ae patie W cAtahites 346 
navy. See Phaseolus vulgaris. Capsella bursa-pastoris, host plaut of Aphis 
soy. See Glycine hispida. INE Scivcddiswdcncdadcctecawencncenesioaiene 433 
wild soy. See Glycine soja. Carbohydrate, transformation of, in J pomoea 
Bearce, H. W. (paper), Studies in the Expan- batatas during storage.................055 336-339 
sion of Milk and Cream.................. 251-268 | Carbonate, soil, decomposition of............ 79-80 
Beardtongue, blue. See Pentstemon procerus. Carex— 
Beet, sugar. See Bela vulgaris. exsiccata— 
Beta vulgaris, water requirement of. 16,50,55,59,61 ST ee ee 97 
Bird enemy of Stictocephala festina........... 360 viability of seed of, in range lands. ...... 106 
Blight fungus, chestnut. See Endothia para- . 
; geyeri— 
Pein RING. cao nanthGnccusenst. aun 97 
uegrass— ages - 
es viability of seed of, in range lands 106 
little. See Poa sandbergii. andi 
mountain. See Melica spp. " Aaa _— : 
Boebera papposa, water requirement of... .. 47-48, eee ve ssighaaeaay he les halts i cetanig alibi 97 
52, 60, 62 viability of seed of, in range lands....... 106 
Borer— illota— 
apple TOOL. ..... 1... seeeeeeeseeeeeeeees + 1797-186 MN INO oc sc ardennccaeede tunes . oF 
— a — ~~ — viability of seed of, in range lands....... 106 
two-lined chestnut. See ilus bilineatus. a a P 
: : : ee re Carica papaya, host plant of Ceratitis capi- 
Botryosphaeria marconii, n. comb., causal or- tate 16 
: ° " ° . |) PEPREEEPEPTELEPERELEREE EET ELIE Te 
ganism of fungous disease of Cannabis sativa. 83 Se xb 3 
2 : Carophyllus jambos, host plant of Ceratitis 
Bouteloua gracilis, water requirement of..... 447-45, . 
53,60, 62 | ee Pudewesians Cudbeeweens « 6m 
Brachysm— Carrero, J. O., and Gile, P. L, (paper), Assimi- 
a Hereditary Deformity of Cotton and Other lation of Colloidal Iron by Rice.......... 205-210 
Plants (paper). ....cescceses bithcensoent 387-400 | Carya illinoensis, ash analyses of leaves and 
comparison with nanism,.,..............5 387 NE racirsack cen aeiilenisens er 165-166, 169 
Is ii ci natenecvseserqevas ..++ 3877395 | Castanea dentata, host plant of Agrilus bili- 
CES sausanccaanskpeescacnewas eumeeanle 389 CE o ccavswsnutadeusscndsvannnbenouns 283, 284 
relation to homceosis. . 396-398 | Cattle, met energy values of feeding stuffs 
relation to hybrids 3957396 ink circdwadcindeseReseneniotebaensnens 4357492 
Brassica spp., water requirement of, ........ 41-42, | Celery, wild. See Ligusticum oreganum. 
P 52-53» 59 8t | Ceratatis capitata— 
Briggs, L. J., and Shantz, H. L. (paper), Rela- comparison with Bactrocera cucurbitae... 370-371 
tive Water Requirement of Plants......... 1-64 SS STO Ce eer terre errr 328 
Brome-grass. See Bromus. effect of oil from rind of Citrus spp. on.... 317-319 
Bromus ate : le cei vakawiekivuswantninaness 314-315 
hordeaceus, viability of seed of, in range host-fruit preference Of............00000000e 314 
lands............ SPaines snes SCS eeeeneerces 106 NONE PORNO isc cic ce cciccsseccese eeeenews 312-314 
inermis, water requirement of .... 44746, 51, 60-61 injury to citrous fruits by..............++ 322-328 
margnatus— iii coos cxeccnnsencesncen 363-374 
forage value Of... weeerereresersseeeerees 97 mortality among eggs Of..........6.00005 31S-319 
viability of seed of, in range lands....... 106 mortality among larvee of........ 315-317) 319-322 
Brooks, F. E. (paper), Apple Root Borer.. 179-186 susceptibility of citrous fruits to the attack 
Buckwheat. See Fagopyrum fagopyrum. BR aaeinps ie’ to bityon'a tiie bietnhe sans 311-330 
wild. See Polygonum phytolaccacfolium. Chaetochloa italica, water requirement of 26-27, 
Budding, effect of, on pecan rosette. .. 158-159, 167 38-39) 51) 53) $5756) 58) 61-62 
Buffalo grass. See Bulbilis dac tyloides. Changes in Composition of Peel and Pulp of 
Bulbilis dactyloides, water requirement of .... 44-45, Ripening Bananas (paper).............+- 187-203 
53,60,62 | Chapman, R. N. (paper), Observations on 
Butter— : : ; ies 
: : the Life History of Agrilus Bilineatus.... 283-294 
RL, ss Re Se ekacss vossaueenees 301-310 4 
~ Chamaenerion angustifoltum— 
DE IOI DE oak 6c scscvccasevadcsncrs 301 1 f 
CI NTE his ions iva ccandeccccesnes 302-303 forage va nee fai a rai 97 
Butterweed. See Senecio triangularis. viability of seed of, in range lands Saar 106 
Charles, V. K., and Jenkins, A. E. (paper), 
Cabbage. See Brassica. A Fungous Disease of Hemp. teeeeeneeeenes 81-84 
Calamagrostis— Chenopodium album, water requirement of.. 47-48, 
canadensis, viability of seed of, in range $262 
re er eT rT TT 106 | Chestnut-blight fungus. See Endothia para- 
rubescens, viability of seed of, inrangelands. — 106 Sitloa, 
Calophyllum inophyllum, host plant of Cera- | Chestnut borer, two-lined. See Agrilus 


titis captiata . 3137314, 316, 364 


bilineatus. 
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Chrysophyllum cainito, food plant of Ceratitis 
Mic i tindcanpensnnsacssseausncdres 3147315 
Chick-pea. See Cicer arietinum. 
Cicer arietinum, water requirement of ....... 28, 30, 
50-5159 
Cinna latifolia, viability of seed of, in range 
MIC ur ckG rep eucccécveacnusedveneuvecuaces 106 
Citrullus vulgaris— 
host plant of Bactrocera cucurbitae 269 





water requirement of.......... 40-41, 52-53, 59) 61 
Citrus spp.— 
effect of oil from rind of, on eggs of Cerali- 
Do cis cxcisvnccuess evcccces 3177319 





host plants of Ceratitis capilata........... 3117330 
Climate— 

effect on development of Ceratilis capitata. 324-328 

effect on oil content of seed. ............... 245 


inflence on development of forage plants. 1og-115 

Clover— 
bur. See Medicago denticulata. 
crimson. See Trifolium incarnatum. 
red. See Trifolium pratense. 
sweet. See Melilotus alba. 
yellow sweet. See Melilotus officinalis. 

Clover aphid. See Aphis. 

“Cluster,” cotton, agricultural defects of..... 398 

Cocklebur. See Xanthium commune. 

Collins, G. N. (paper), A More Accurate 
Method of Comparing First-Generation 
Maize Hybrids with Their Parents........ 85-91 

Colon bacilli, ability to survive pasteuriza- 


WS ax Kn cxercavds cuvccsnusekecossssenens 401-410 | 


Coloring Matter of Raw and Cooked Salted 


PE MINIs 6 00.cins cencenawererencce 211-226 | 


Coneflower. See Rudbeckia occidentalis. 

Cook, O. F. (paper), Brachysm, a Hereditary 
Deformity of Cotton and Other Plants. . 387-400 

Corn. See Zea mays. 

Cotton— 
*‘cluster,’’ agricultural defects of........... 398 
See also Gossypium. 

Cowpea. See Vigna sinensis. 

Crataegus spp., host plant of A phis brevis... 431-432 

Cream— 


effect of temperature upon density of.... 254-262 
effect of temperature upon volume of... 262, 265-268 
iii kas sak dae cevenkiedceadivecs 251-268 
Crucifer, water requirement of......... 41-42, 59,61 
Cucumber. See Cucumis sativus. 
Cucumis— 
melo— 
host plant of Bactrocera cucurbitae....... 269 
, water requirement of........ 40741, 52-53, 59,61 
sativus— 
host plant of Bactrocera cucurbitae....... 269 
water requirement of........... 40, 52-53, 59) 61 
Cucurbit, water requirement of........... 40-41, 61 
Cucurbita— 
maxima, water requirement of....... 40, 52, 50,61 
pepo— 
host plant of Bactrocera cucurbitae....... 269 
water requirement of.............. 40, 52,59, 61 
Cunninghamiella sp., growth in butter....... 307 


Curtis, M. R. (paper), Relation of Simultane- 
ous Ovulation to the Production of Double- 
Cis cc ociccreveuteenvieeves ee 3757386 


Page. 
Curve, logarithmic— 
fitting by the method of moments....... 411-423 
moments of........ can acaaeuds “sevces 412-417 
use of, in agricultural and biological inves- 
WR sc Déadddendcansadeueenddcusens 411-412 
Cydonia japonica, host plant of Aphis brevis.. 431 


Dahlberg, R. C. (paper), Identification of the 
Seeds of Species of Agropyron........... 275-282 
Dandelion, mountain. See Agoseris glauca. 
Decomposition of Soil Carbonates (paper).... 79-80 
Deschampsia— 
caes pitosa, viability of seed of, in rangelands 106 
elongata, viability of seed of, in range lands. 106 
spp., forage value of. ........ soca unease 97 
Dirhinus gi ffardii, parasite of Ceratitis capitata. 363 
Disease, mosaic, of tobacco, effect of dilution 
upon the inefectivity of the virus of...... 295-299 
Durra. See Andropogon sorghum. 
Dwarfing, true, of plants, comparison with 
TINT i 6. abo ceustvecues cedeadeeamekeus 387 


Effect of Dilution upon the Infectivity of the 
Virus of the Mosaic Disease of Tobacco 
CIE Tis cia nitavvncnacwnccaeccecucs sees 2957-299 

Egg— 
double-yolked— 

Oe aad Aekexaseret . 376-582 
ovarian relation of the two follicles fur- 


nishing the yolks for............... . 380-382 
relation between rate of fecundity and 

type of doubling of................ . 3797380 
relation of simultaneous ovulation to the 

POIIIIGE ies viteciccccacéeetenvens 375-386 


relation of the nature of the doubling to 
the functional divisions of the ovi- 


GG askin dene icicdcencivecsincccies 376-378 
CN a icncctsdebudcdececucceundeee 3757376 
ovarian doubling of yolk of.............. 382-384 
Elymus glaucus, viability of seed of, in range 
DICE cecxdundecualdcas tae bdvokuneetaedes 106 


Emmer. See Triticum. 
Endothia parasitica— 
detection of ascospores of, by ascospore 


Sense cedicuetekudcaede kt aveusueeus 512-516 
detection of ascospores of, by aspirator 
GR dennis eve nsadesner cine de davcésacece 516-519 
detection of ascospores of, by exposure 
SNe cv datnedardacassacedis couhates . 496-512 
detection of ascospores of, by water spore 
CR cco ccccccecsncsace xe + - §19°523 
dissemination of ascospores of sees» 4937526 
Energy— 
chemical— 
influence of quantity of feed consumed 
i ic co sckcanetenvns écceses 
IRS 6c sa tabadenadssavescnceets 439-449 
expenditure consequent upon feed con- 
a Sc kcdatcducedusdhcackendas 4537-482 
metabolizable— 
determination of, in feed.............. 450-453 
Qik Wend dicdadciccuceacvetescenss 4397453 
variability im feed.......sccccscccrccceces 4497-450 


Environment, effect on oil content of seed. 239-241 


Sia can wenvaksudceedy ‘ - Iv 
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Erythraeus sp.,enemy of Stictocephala festina. 359 | Glycine— 
Euchlaena mexicana, water requirement of., 17-20, his pida- 
53) 58) 64 host plant of Stictocephala festina........ 346 
oil content of seed of..............00008 230-241 


Fagopyrum fagopyrum, water requirement of. 59,61 


Feces, loss of chemical energy of feed in.... 440-449 
Feed— 
composition of dry matter of. ........... 4377438 


computation of net energy value of...... 483-488 
influence of, on heat production in cattle. 456-458 
influence of individuality on losses of chemi- 
cal energy of 4477-449 
influence of quantity consumed on losses of 
chemical energy of 


Rs isata aca prabe Sainrel sac aesiss 4457447 
loss of chemical energy of................ 4397453 
metabolizable energy of.................. 4397453 
net energy values of, for cattle........... 435-492 


relation of, to heat production of cattle in 


various positions............ . 4537482 
Fertilizer 
effect on oil content of seed. wees 2457247 


effect on pecan rosette. . 159-162, 168 
Festuca virtdula— 
forage value of........ . O77127 


viability of seed of 
Feterita. See Andropogon sorghum. 
Fireweed. See Chamaencrion angustifolium. 
Fitting Logarithmic Curves by the Method 
OE Moments (HOE) .....ooiss ccc ccccesccce 411-423 
Flax. See Linum usitatissimum. 
Fly, Mediterranean fruit. SSeeCeratitis capitata. 
Fly, melon. See Bactrocera cucurbilae. 
Forage plant— 
development under yearlong protection... 121-125 
factors influencing establishment of repro- 
duction on range lands................ 10g-115 
influence of physical conditions on devel- 
opment of 





SA OE Te NL ey eee tT eee TOQ“115, 142 
pon of, im womme famdda..........cccccccccccces 142 
production of, under deferred grazing.... 125-143 


reproduction of, under yearlong grazing.. 118-119 
Foubert, C. L., et al. (paper), Oil Content of 

Seeds as Affected by the Nutrition of the 
Foxtail, white. Sce Sitanion velutinum. 
Fries, J. A., and Armsby, H. P. (paper), Net 

Energy Values of Feeding Stuffs for Cattle 435-492 
Fruit fly, Mediterranean. See Ceratilis capi- 


228-249 


tata. 
Fungus, chestnut-blight. See Endothia para- 
silica. 
Fungous Disease of Hemp, A (paper)........ 81-84 
Fusarium sp., growth in butter.............. 307 
Galesus silvestrii, parasite of Ceratilis capitata. 363 


Jardner, M. W., et al. (paper), Air and Wind 
Dissemination of Ascospores of the Chest- 
nut-Blight Fungus. ..........ccscccccess 493-526 

Garner, W. W., Allard, H. A., and Foubert, 
C. L. (paper), Oil Content of Seeds as Af- 
fected by the Nutrition of the Plant 227-249 
Geranium viscosissimum, viability of seed of, 
INI <5. sinne-acdeseeeba webeeematd 
Gile, P. L., and Carrero, J. O. (paper), Assimi- 
lation of Colloidal Iron by Rice 


106 


205-210 


106-107 | 





water requirement of . 30-31, 34) 52, 59, 64 
soja, water requirement of. . 30-31, 34, 52753, 59,61 
Gore, H. C. (paper), Changes in Composition 


of Peel and Pulp of Ripening Bananas... 187-203 
Gossypium spp. 
hereditary deformity of.................. 387-400 


oil content of seed of......... 230-232, 239) 242, 246 

water requirement of 16-17, 50, 52-56, 59, 64 
Grafting, effect on pecan rosette....... 158-159, 167 
Grain, water requirement of.... 5, 8-27, 37-39, 50-62 
Grama grass. See Bouteloua gracilis. 


Grapefruit. See Citrus. 
Grass—- 
Bermuda. See Capriola dactylon. 
brome. See Bromus inermis. 
brome, short-awned. See Bromus mar- 
ginatus. 
buffalo. See Bulbilis dactyloides. 
bunch. See Agropyron; Festuca. 
elk. Sce Carex geyeri. 


grama. See Bouteloua gracilis. 

hair. See Deschampsia. 

Johnson. See Sorghum halepense. 

little needle. See Stipa minor. 

mountain bunch. See Festuca viridula. 

mountain wheat. See Agropyron violaceum. 

needle. See Stipa occidentalis. 

onion. See Melica. 

red bunch. See Agropyron flexuosum. 

reed. See Cinna latifolia. 

Sudan. See Andropogon 
opicus, 

tall meadow. See Panicularia nervata. 

tallswamp. See Carex exsiccata. 

water requirement of 43746, 52-53, 60-62 

western porcupine. See Stipa occidentalis. 


sorghum  aethi- 








wheat. See Agropyron. 
Grazing— 
deferred— 
advantages of, in range lands ......... 1437145 
influence on reproduction of forage plants 
UR IRS 65.6. 5:4 cv ace-0sieciveeesinns 125-146 
selection of lands for............ceseesees 145 
relation of, to growth of forage plants.... 115-146 
relation of, to revegetation............... 115-146 
season-long. See Grazing, yearlong. 
yearlong— 
influence on reproduction of forage 
plants...... 116-125 
I le vine bn vddcsneviwrcerscsns 116 


Grindelia squarrosa, water requirement of .. 43, 50,60 
Guava. See Psidium. 
Gumweed. See Grindelia squarrosa. 


Hasselbring, H., and Hawkins, IL. A. (paper), 
Physiological Changes in Sweet Potatoes 
during Storage 331-342 
Hawkins, L,. A., and Hasselbring, H. (paper), 
Physiological Changes in Sweet Potatoes 
Riis Sih ive cecesveens 3317-342 
Hawthorn. See Crataegus. 
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Heald, F. D., Gardner, M. W., and Studhal- 
ter, R. A. (paper), Air and Wind Dissemi- 
nation of Ascospores of the Chestnut- 
ee SL... caves bunisieadascetens 4937526 
Heart-Rot of Oaks and Poplars Caused by 


Polyporus Dryophilus (paper) ............ 65-78 
Heat— 
effect of, om Bacillus coli.........ccceeeeee 403-408 
influence of various feeds on production of, 
I i ic is oxsaketeccenewteendchesecs 453-482 
loss of, in cattle, consequent on feed con- 
in 6 cccesedcctuccsudueedaccsuen 4537-482 


Hedgcock, George G., and Long, W. H. 
(paper), Heart-Rot of Oaks and Poplars 





Caused by Polyporus Dryophilus.......... 65-78 
Helianthus spp.— 

host plant of Stictocephala festina,.......... 346 

water requirement of.......... 47748, 52, 53,60, 62 


Hellebore, false. See Veratrum viride. 
Hemochromogen, nitric-oxid, coloring matter 

of cooked salted meats..................- 221-224 
Hemoglobin, nitric-oxid, coloring matter of 

DU I IG asc bib oa Risiewckccccacces 


212-221 
Hemp. See Cannabis sativa. 
Hieracium cynoglossoides— 
NEE PINE os oidcewoccn cccxcecutecnecs 97 
viability of seed of, in range lands......... 106 
Hoagland, Ralph (paper), Coloring Matter of 
Raw and Cooked Salted Meats........... a11-226 | 
Hordeum spp.— 
host plants of Stictocephala festina ......... 346 
water requirement of....... 13714) S0-51, $5) 59) 64 
Horse bean. See Vicia faba. 
Horsemint. Sce Agastache urticifolia. 
Humidity, effect on mold growth in but- 
Was ccdueaccdbakcecunceeKenunaed 304-306, 308-309 
Identification of the Seeds of Species of Agro- 
RN fro 6.i.c cacenciuceccecudcewnes 2757282 
Ipomoea batatas— 
carbohydrate transformations in, during 
We aWacdcvicvsecvaveddccrenucusaeuee 336-339 
physiological changes in, during storage. . 331-342 
Iron, colloidal, assimilation of, by rice... .. 205-210 
Jacob’s-ladder. See Polemonium humile. 
Jenkins, A. E., and Charles, V. K. (paper), 
Fungous Disease of Hemp................. 81-84 
Johnson, W. T., jr., and Ayers, S. H. (paper), 
Ability of Colon Bacilli to Survive Pasteuri- 
eck dudedkiscccutvexvercsvavessdteKs 401-410 
Juncoides glabratum— 
forage valite Of ......cccccccscces bes 97 
viability of seed of, in range lands... .. 106 
Juncus spp., forage value of....... 97 
Kafir. See Andropogon sorghum. 
Kamani— 
ball. See Calophyllum inophyllum. 
winged. See Terminalia catappa. 
Kaoliang. See Andropogon sorghum. 
Koeleria cristata, viability of seed of, in range 
BD Widdabndadcabceuxeewnsnaeeteeeesesens 106 
Lamb’s-quarters. See Chenopodium album. 
Lathyrus odoratus, host plant of Aphis brevis.. 432 
Legumes, water requirement of, .... 27-39, 55~56, 61 
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Page. 
Life History of the Mediterranean Fruit Fly 
from the Standpoint of Parasite Introduc- 
CIN iccdeevavccucwinndsiedavacs 363-374 
Life History of the Melon Fly (paper) 269-274 
Ligusticum oreganum, viability of seed of, in 
PI ins ke racdtavccdssinceceinacaces 106 
Linum usitatissimum, water requirement of. 15-16, 
52-53, 59,64 
Logarithmic curves, use of 4177-421 
Long, W. H., and Hedgcock, G. G. (paper), 
Heart-Rot of Oaks and Poplars Caused by 
Polyporus Dryophilus 
Loquat. 


TITTTIT TTT 65-78 

See Eviobotrya japonica. 

Lycopersicon esculentum, food plant of Sticto- 
ie soc ctnd niicecsiveccdcacadancs 345 

MacIntire, W. H. (paper), Decomposition of 
Se ie hn caniccvcsccaticuciexens 

Maize, comparison of first-generation hybrids 
WE ING 6 wa. odie on baadcuvacnndddewese 

Malus spp., host plant of A phis bakeri....... 

Mangifera indica, host plant of Ceratitis capi- 
Pie cs cucccennesicusceecwhatuheteses 3137-314, 364 

Mango. See Mangifera indica. 

Marigold, fetid. See Boebera papposa. 


79-80 


85-91 
433 


Meat, salted, coloring matter of............ 211-229 
Medicago— 
denticulata, host plant of Stictocephala 
Pa casodcccndaaneadsutdaxecmudenies, 346 
sativa— 
host plant of Stictocephala festina ...... 3447346, 
350+ 357-359 
injury to, by Stictocephala festina...... 4 357-359 
spp., water requirement of........ geesenee 27-39, 


50, 52, 55-56, 60-62 


Mediterranean fruit fly. See Ceratitis capitata. 


Melica— 
bella— 
I INE si vss a vik ca encdndencinnn 97 
viability of seed of, in range lands....... 106 
SCRE ING. oo cv ccctccnwcaccaceeds 97 
Melilotus— 


alba, water requirement of..... 27-30) 50, 55, 59, 64 
officinalis, food plant of Stictocephala fes- 
346 
Melon— 
musk. See Cucumis melo. 
water. See Citrullus vulgaris. 
Melon fly. See Bactrocera cucurbitae. 
Membracis festina, syn. Stictocephala festina. 
Mesquite. See Prosopis juliflora. 
Metabolism, in cattle, influence of position 
Qn s cbc cécandscdenasdctsccsccecucse gees 4537482 
Methane— 
loss of chemical energy of feed in 440-449 
quantity in various feeds. ................. 450 
Mexican bean. See Phaseolus vulgaris. 
Milk— 
and cream, expansion of ................ 251-268 
effect of temperature upon density of..... 254-262 
effect of temperature upon volume of. 262, 265-268 
Millet. See Chaetochloaitalica............... 26-27 
Milo. See Andropogon sorghum. 
Moisture, soil, relation to loss of forage plants 
DEN ois hac edstvdincddaddetecadac 
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black, growth in butter......... see 303) 305, 307 Canada field. See Pisum sativum. 
green, growth in butter.......... 303, 305, 307-308 sweet. See Lathyrus odoratus. 





red, growth in butter....... +. 303, 307-308 
relation of humidity to growth in butter. 304-306, 


308-309 

smudged, growth, in butter......... 302-303, 305 

Moldiness in Butter (paper). ...........+5. 101-310 
Moments, fitting logarithmic curves by 

OO EE ov icisieyoeracdtesence ten sevke 411-423 


More Accurate Method of Comparing First- 
Generation Maize Hybrids with Their 


ee DOU) oo si scsiccccocssessecenss 85-91 
Mosaic disease. See Disease, mosaic. 
Mucor sp., growth in butter........... 303, 305, 307 
Mumsops elangi, host plant of Ceratitis cap- 

BRS Fike cccasiecioncicaseenes eabebale ceases 364 
Musa saptentum— 

changes in composition of ............. 187-203 

changes in composition of, in ripening... 187-203 

eee eee 190-198 


INNS  cccpavccscwsseekseunssaeres 199 
Muskmelon. See Cucumis melo. 


Nanism, comparison with brachysm..... loon - 
Natural Revegetation of Range Lands Based 
upon Growth Requirements and Life His- 
tory of the Vegetation (paper)......... ees 937148 
Net Energy Values of Feeding Stuffs for 
oe | URTTT CREE CREE CECT OR CTT 435-492 
Nitrogenous Soil Constituent, A: Tetracar- 
We CHOON) 5.5 ccc cescevcvcceesss SEQ 


Oak. See Quercus, 
Oak borer. See Agrilus bilineatus. 
Oats. See Avena sativa. 
Observations on the Life History of Agrillus 
ee) ee ere 283-294 
Oidium lactis, growth in butter. ... 303, 305, 307-308 
Oil Content of Seeds as Affected by the Nutri- 
tion of the Plant (paper)................ 227-249 
Orange. See Citrus. 
Organic Phosphoric Acid of Rice (paper).. 425-430 
Orton, W. A., and Rand, F. V. (paper), Pecan 


RS d:5- Sc av er eked raadeapeuaees wie ++ 1497174 
Oryza sativa— 
growth of, with dialyzed iron............ 206-209 
growth of, with ferric chlorid............. 206-209 
organic phosphoric acid of............... 4257430 
water requirement of.......... 15,50, 52-56, 59, 61 
Ovulation, simultaneous, relation of, to the 
production of double-yolked eggs........ 3757386 
Onion— 
mountain. Sce Allium validum. 
wild. See Allium. 
Opius humilis, parasite of Ceratilis capitata... 363 
Panicularia nervata— 
RIE cw cisnathacinearsadeesems sivas 97 
viability of seed of, in range lands......... 106 
Panicum miliaceum, water requirement of.. 26-37, 
36-37) 39) 51, 58, 61-62 
Papaya. See Carica papaya, 
Pasteurization, ability of colon bacilli to sur- 
Wtbtadnisankhs eeaevesinsdcersinewaeis 401-410 


Patch, E. M. (paper), Two Clover Aphids. . 431-433 





Peach. See Amygdalus persica. 
Peanut. See Arachis hypogaea. 
Pearl, R., on use of logarithmic curves in 
biological and agricultural investigations. 411-412 
Pecan. See Carya illinoensis. 
Pecan Rosette (paper)..............e0005- 
Pemberton, C. E., and Back, E. A— 
Life History of the Mediterranean Fruit 
Fly from the Standpoint of Parasite In- 
| a a ee 363-374 
Life History of the Melon Fly (paper) ... 269-274 
Susceptibility of Citrous Fruits to the At- 
tack of the Mediterranean Fruit Fly 
ROE RE Mee TG tre 311-330 
Penicillium spp., growth in butter. . 303, 305, 307-308 
Pentstemon procerus— 
forage value of ....... ENCSTUOARRRRRCRTES 97 
viability of seed of, in range lands.......... 106 
Phaseolus vulgaris, water requirement of .... 30, 
34735) 52-53) 59, 61 
Phleum alpinum, viability of seed of, in range 


149-174 


MNES os cvaala ids uns orloeaedeeenesmake itn 
Physiological Changes in Sweet Potatoes 
during Storage (paper).............. eee 3317342 
Pigweed. See Amaranthus retroflexus. 
Pisum sativum, water requirement of........ 30, 


347357 52753» 59, 61 
Plants— 


effect of nutrition on oil content of seeds. . 227-249 
effect of varietal differences on oil content of 





Glas acavsevaseataxkerceeuer cians 2377-239 
relative water requirement of.............. 1-64 
Poa sandbergii— 
NO oo iirraccciccnxcantoantes ‘i 97 
viability of seed of, in range lands......... 106 
Polemonium humile— 
OE esc chiraccikdvunvous me 97 
viability of seed of, in range lands......... 106 
Polygonum phytolaccaefolium— 
ND WORE os sinnicdcncivcksveencs ieee 97 
viability of seed of, in range lands...... on 
Polyporus dryophilus— 
IIE ws io Ske eincdaseaiaccedcs coos 72°75 
causal organism of heart-rot of oaks and 
MIEES 65s 90 60d KaKaKensasees cab beeRecte 65-78 
description of sporophores of.............. 70-72 
Poplar. See Populus. 
Populus— 
a oss hin cornceeanccsouseen 65-78 
tremuloides, host plant of Polyporus dry- 
CRs a inne Ncdniestinatsaseiuns 66, 68-71, 73-75 
Portulaca oleracea, water requirement of..... 47. 
49» 53, 60, 62 
Potato— 


Irish. See Solanum tuberosum. 


sweet. See /pomoea batatas. 
Prosopis glandulosa, food plant of Stictocephala 
Me eee ats Tia sdnsi banieseenaste 346 
Proso. See Panicum miliaceum. 
Pruning, effect of, on pecan rosette...... +. 152,168 
Prunus spp., host plant of A phis brevis. ..... 431 


Psidium spp., host plant of Ceratitis capitata. 324, 364 
Pumpkin. See Cucurbita pepo. 
Purslane. See Portulaca oleracea. 
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Quercus spp.— Page. 
ions Asin eewenvcdeactowenves 65-78 
host plants of Agrilus bilineatus.......... 283-284 


Quince, Japan. See Cydonia japonica. 
Ragweed, western. 
folia. ' 
Rand, F. V., and Orton, W. A. (paper), 
Pecan Rosette 


See Ambrosia artemisi- 


bala vsenghechecevbhuaweate 1497174 
Range land— 
character and distribution of vegetation... 95-100 
dissemination of seed crop of............. 108-109 


factors influencing establishment of repro- 


duction of forage plants of............. 109-115 
flower-stalk production in. .............. 102-104 
life history of forage plants of............ IOI-115 
management of, during revegetation....... 146 
period of seed maturity of............... 104-105 
SONNE Wiss nccivcnccceecccseneawes 93-148 
selection of, for deferred grazing............ 145 
systems of grazing on................005: 115-146 
viability of seed crop on. ............0005 105-108 


Rape. See Brassica. 

Redtop, alpine. See Agrostis rossae. 

Relation of Simultaneous Ovulation to the 
Production of Double-Yolked Eggs( paper). 375-386 


Relative Water Requirement of Plants 
cc arcicactrecerckuex adeotneewaanaee 1-64 
Revegetation of range lands. ............... 937148 
Rhizopus nigricans, growth in butter....... 306-307 
Rice— 
assimilation of colloidal iron by.......... 205-210 
organic phosphoric acid of............... 425-430 
See also Oryza sativa. 
Root borer, apple...............ceeeeeecees 37Q7186 
Rose-apple. See Carophyllus jambos. 
Rosette, pecan— 
comparison with other diseases.......... 169-171 
ire bn.5s Kacbeestiaeesteetaan cies 172-173 
oki cnidtudaybandacsdnncnads 149-150 
effect of budding on........... meueee 158-159, 167 
effect of fertilizer on.................. 159-162, 168 
effect of grafting om..............000. 158-159, 167 
Cilact OF HOI OM onc cc cccccccccccecs 152,168 
effect of spraying with Bordeaux mixture 
Gckin diac cee betucndcé.cuscdicccntecss eeees 162 
effect of transplanting on........ 1§2-155, 167-168 
effect on germination of nuts............. 155-156 


inoculation experiments with.... 156-157, 166-167 


isolation of microorganisms of ....... 156-157, 167 
Ng rsectics adecstewdabuudeoues 171-172 
orchard observations of.............. 163-165, 168 
INGE 6 0.505.554.0600 cecenensadeveats 166-167 
INNS 6s coh ec evar cntouudtedsedss I5O-151 
Sines ccthkosctstccunnsaxcdues 150-151 
Rot— 
heart, of oaks and poplars caused by Poly- 
IK sss 6 rccudnaaupyancdoenes 65-78 
piped— 
NON inc o bss aa eccneecevetareneeaea 76 
re iso oitin ve ceccunténsnwucies 65-78 


in Populus tremuloides, characters of 


acon 68-70 
Ro oa uhneeemk ike 65-78 
in Quercus spp., characters of ........... 66-68 
Rudbeckia occidentalis— 
Sontind WHE EE. pc ccccdsccwiscscaccasiscns 
viability of seed of, in range lands......... 106 





Rush. See Juncus spp. 

Rush, wood. See Juncoides glabratum. 
Rye. See Secale cereale. 

Rye, smooth wild. See Elymus glaucus. 
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Sage, mountain. See Artemisia frigida. 
Salix nuttallti, forage plant of................ 97 
Salsola pestifer, water requirement of........ 60, 62 
Salt, effect of, on mold growth in butter.. 304-309 
Sampson, A. W. (paper), Natural Revegeta- 
tion of Range Lands Based upon Growth 
Requirements and Life History of the Vege- 


CS cccergdisncncacusevecewscesseucoas + 937-148 
Saperda candida, host plants of........... ar 
Secale cereale, water requirement of.......... 14, 

SO-S1, 55,59, 64 
Seed— 
effect of climate on oil content of... ..... 245 


effect of environment on oil content of... 239-241 
effect of fertilizer on oil content of 245-247 
effect of length of growing period on oil 


Ce iios cccctcccevcesucescenuaces 236-237 
effect of nutrition of plant on oil content 
Widsusiccscuacetieccadcescscectecdsuact 227-249 
effect of partial defoliation on oil content 
Gieiaus catddawangenvecdeeddaakudessaans 2327-234 
effect of partial removal of seed pods on oil 
content of.......... hidaaemetnewedceus 2347235 
effect of size on oil content of.............. 235 
effect of soil on oil content of............. 241-245 
oil content of, at successive stages of devel- 
aes has daredencecdnuccaucenceea 230-232 
varictal differences in oil content of...... 237-239 
Senecio triangularis, forage value of........... 97 


Shantz, H. L., and Briggs, L. J. (paper), 
Relative Water Requirement of Plants.... 

Shaw, R. H., and Thom, C. (paper), Moldi- 
Se I iiddiculsncdsivcnansvesenan 301-310 

Shepherd’s-purse. See Capsella bursa-pas- 
toris. 

Shorey, E. C., and Walters, E. H. (paper), 

A Nitrogenous Soil Constituent: Tetracar- 
175-178 
Sitanion velutinum, viability of seed of, in 

Wik aion tn vuvaceuntesrcisccuewsveen 106 
Skunkweed. See Polemonium humile. 

Soil carbonate— 

IN wie Sein scckcacedevctansncess 

effect on oil content of seed 241-245 
Solanum tuberosum, water requirement of. 41-42, 


52-53, 56, 59,61 
Sorghum. See Andropogon sorghum. 


Sorghum halepense, food plant of Stictocephala 


1-64 
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Soy bean. See Glycine hispida 

Soy bean, wild. See Glycine soja. 

Spraying, effect on pecan rosette. ........... 162 

Squash, Hubbard. Sce Cucurbita maxima. 

Star-apple. See Chrysophyllum cainito. 

Stictocephala festina— 
Ct CPP EreT ee dteveasevapenauae 361 
description of.......... Lc Gem eaavn was ies 346-348 
distribution of............ =e 3447345 
effect of altitude on distribution of......... 345 
enemies of........... 359-360 
habits of....... 348-357 
host plants of............. 3457346 


life history of. . 348-357 
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Stipa— 
minor— 
forage value of 
viability of seed of, in range lands 
occidentalis— 
forage value of 
viability of seed of, in range lands........ 
Studhalter, R. A., et al. (paper), Air and 
Wind Dissemination of Ascospores of the 
Chestnut-Blight Fungus 
Studies in the Expansion of Milk and Cream 


Sudan grass. 
opicus. 
Sedge. See Carex spp. 
Sugar beet. See Beta vulgaris. 
Sunflower. See Helianthus spp. 
Susceptibility of Citrous Fruits to the Attack 
of the Mediterranean Fruit Fly (paper).. 311-330 


See Andropogon sorghum aethi- 


Tansy, wild. See Achillea lanulosa. 
Teosinte. See Euchlaena mexicana. 
Terminalia catappa, host plant of Ceratitis 
capitata 
Tetracarbonimid, a nitrogenous soil constit- 
175-178 
Tetrastichus giffardii, parasite of 
Ceraitits capitata 
Thistle, Russian. See Salsola pestifer. 
Thom, C., and Shaw, R. H. (paper), Moldi- 
ness in Butter 301-310 
Thompson, A. R. (paper), Organic Phos- 
phoric Acid of Rice 425-430 
Three-Cornered Alfalfa Hopper (paper).... 3437-362 
Timothy, alpine. See Phleum alpinum. 
Tobacco, effect of dilution upon the infectiv- 
ity of the virus of the mosaic disease of.... 295-299 
Topography, relation of, to loss of forage plants 
in range lands 
Transplanting, effect of, on pecan rosette... 152-155, 


probable 


167-168 
Trichoderma sp., growth in butter... ...... 307-308 
Trichogrammidae, parasites of A grilus bilinea- 
tus me 
Trifolium— 
incarnatum, water requirement of 


pratense— 
host plant of A phis bakeri 
host plant of Stictocephala festina 


spp., host plant of A phis brevis...... seeene, (ONE) 


Trisetum spicatum, forage value of...... 
Triticum spp.— 


aneee 97 


effect of fertilizer on water requirement of..5, 50-51 
effect of screened inclosure on water re- 
quirement of 
host plant of Stictocephala festina 
water requirement of 8-10, 50-56, 58, 60-62 
Tumbleweed. See Amaranthus graecizans. 
Turnip. See Brassica. 
Two Clover Aphids (paper) 
Urine, loss of chemical energy of feed in... 


4317-433 
- 440-449 





Page. 
Use of logarithmic curves in biological and 


agricultural investigations 41I~412 


Wallowa National Forest, topography and 
Oi vccvnvessace eae 

Walters, E. H., and Shorey, E. C. (paper), A 
Nitrogenous Soil Constituent: Tetracarbon- 

175-178 

Watermelon. See Citrullus vulgaris. 

Water requirement— 
definition of 
of plants, relative 

Weed, water requirement of 

Weed, woolly See Hieracium cynoglossoides. 

Wheat. See Triticum. 

Wheat-grass. See Agropyron. 

Wildermuth, V. L. (paper), Three-Cornered 
Alfalfa Hopper 

Willow, Nuttall. See Salix nuttallii. 

Wind dissemination of ascospores of Endothia 
parasitica 4937526 


Valeriana sitchensis, forage value of 
Veratrum viride— 
forage value of 
viability of seed of, in range lands......... 
Vetch. See Vicia. 
Victa spp., water requirement of 
. e 33736; §2, §9, 61-62 
Vigna sinensis— 
host plant of Stictocephala festina. . 345,350-351,359 
injury to, by Stictocephala festina......... 359 
water requirement of 30-31, 35, 52-53, 59, Or 


Xanthium commune, water requirement of.. 47) 
52, 60,62 
X ylophruridea agrili, parasite of Agrilus vitta- 
ticollis 


Yarrow. See Achillea lanulosa. 


Zea mays, water requirement of 
59, 53, 55-56, 58, 6x 
Zone— 
Arctic-Alpine, character of vegetation of.. 97-98 
Canadian— 
character of vegetation of 
climate of 
inception of growth of forage plantsin.. 101-102 
Hudsonian— 
character of vegetation of 
climate of 
development of forage plants under year- 
long protection in.............e0ee08 121-124 
flower-stalk production in....... eae 102-104 
inception of growth of forage plants in. 101-102 
Transition— 
character of vegetation of 
climate of 
development of forage plants under year- 
long protection in 124-125 
inception of growth of forage plants in.. ror-102 








